WO 00/ 71506 7 NOVEMBER 2003 PCTI USOQO 14644 1 Napht hal ene Ureas as d ucose
Upt ake Enhancers BACKGROUND OF THE | NVENTION 5 (a) Field of 7tNQVEMBER 2103
The i nveMQ #7168 ates to a nmeans to enhance i nsul i n- dependarit/uggougeage

‘'upt ake. Specifically, the invention concerns conpounds that activate the
insulin receptor kinase |eading to'ifncreased glucose uptake. The invention

al so concerns nethods for treating h rglycem a in humans, and especially
_nethods for treating Téﬁ%htﬁlf’ﬁ’&f’ éﬁ%gg%'ibcoeﬁpmmwws of Related Art

Anong the many functions perforned by peptide and protein hornones in

met abolismis the ability to interact with receptors wth high specificity.
.The insulin receptor is present on virtually all cells and at high
.concentrations on the cells for the |liver, skeletal nuscles, and adi pose
tissue. Stinulation of HFCKGROWNDOEGHBOINVENTIOMN insulin is an
-essential element in carbohydrate metabolismand storage. D abetics either

| ack5 sufd)i ci &idld efAithedgeveatisn secretion of the insulin hormone (Type 1) or
have an insulin receptor-nedi ated signaling pathway that is resistant to
endogenous or_ exogenous insulin (Type Il, or non-insulin-dependent diabetes
mel | itus (NI DBR)IVertopaciptes 4p apeeas fosenhqacerinsulicdapandefitogincade dhitalzet es,

af fecti %. 20 individuals i e i.ndustrialj.zed nations. In"
Type || ggfgﬁ‘g&fib’égﬁ iﬁg?ngr%gicr?gg 9?183%'8}@{%% atct%%ﬁ C UFBHN Zecepiop kinasg kel et al
nuscl e padingato iQuiehdettplidese uptltk] The Siention aBo(ddRtims Blod: Lk

Di abetologig 36:;76-15% (1993); Haring et aﬁg?(%?g%g?ologﬁEPR€3&§%%%I.

2: S149- Bypgrglygemip in Thmanse gind espacially mathsisifomtréatingyype 1 didbetbet es is conpl ex
and likely nultifactorial but appears to be caused by an inpaired signal

frofpthe.i nsw.in.receptor to, 25 the glucose transport systemand to
_ glyg%geﬁﬁsynﬁkggg#mP gf%ﬁﬁh%gof the insulin receptor kinase has been

inplicated in the pathogenesis of this signaling defect. Insulin

resi stance i anedn@otHeomagy i indRAY pRforiieabsy ip%pﬁmiaﬁhd#ﬁkén.rﬁ%oﬂw H,Pe-
anunderlying etiologic factor in the devel opnent of the di sease (Reaven,
Di abet emetappligg ds-the obility ko @sytact WithiOENBER RID hiOsP@iTdH0 6MHRGRARISV0/ 14644

The T olCROF oL ee vyl SOFari & BebuAneaasns: ot thycas fude
i mase. B oRicta M E e el KSoe, SR AR S (BRI HaBet Wl "
act15vat eduliryisamtesgindsidiemertai tarbolpfdrie ndtybodisinnadrsesrhgiies in its 5
cytoplasm c tyrosine kinase domain. This autophosphorylation is required
for Sgbsequeg&ébetics either lack sufﬁcient endogenous secretion of the insulin hormone
(Type 1) or have an insulin receptor-mediated signaling pathway that is resistant to .
endogenous or exogenous insulin (Typé I, or non-insuliﬁ-dependent diabetes mellitus
(NIDDM)). Type II diabetes is the most common form of diabetes, affecting about 5% of
20  individuals in the industrialized nations. In Type II diabetics, major insulin-responsive
_ tissues such as Iiver, skeletal muscle and fat exhibit the insulin resistance (Haring and
Mehnert, Diabetologia 36:176-182 (1993); Haring et al., Diabetologia, 37 Suppl.
2:5149-54 (1994)). The resistance to insulin in Type II diabetes is complex and likely
multifactorial but appears to be caused by an impaired signal from the iﬁsulin recéptoxl to
25  the glucose transport system and to glycogen synthase. Impairment of t’he. insulin
receptor kinase has been implicated in the pathogenesis of this signaling defect. Insulin
resistance is also found in many non-diabetic individuals, and may be.an underlying
- etiologic factor in the- development of the disease (Reaven, Diabetes, 37:1595-1607
(1988). ' -



activity of the insulin receptor. The aut ophosphorylation stabilizes the
activated. receptor kinase resulting in.a phosphorylati on daNOYEMBER 2003
involving intracellular signaling proteins. At present there are limted
- phar macswmgé/r1seppr oaches to treatnent of Type |l di abet ePCTlussuidem i s
currently.used as a treatnent, but is di sadvantageous because insulin 10
must be injected. Al though several peptide anal ogs of insulin have been
descri bed, none wth a nolecular wei ght bel ow about 5000 daltons retains
activity. Sone peptides which interact with sites on the 13-subunit of the
i nsul i-n recefoosidhmble sifowmatenhsnkeven tomfemitgd ¢ha dtswin trgcayftor sl iTheon its
receptor (Kole et al J Biol. Chem, 271:31619-31626 (1996); Kasuya et
~al ., Bi GERRNT C‘B‘!Séﬁﬁh isfouReeparate swbinits cpogstingrigyo(idevicp) o ar@ansdenticl5 and
ot hers Ba e, re &Sed on,a varjety of pg(ycatlonlc speci es_that generate a
basal f Bof Foupts crrratha dHRsHE &iase drita et dhe (REnbiRdiRE sitgs. B ol .

These’ pall ‘%Ql?ﬁifﬁ%i’%‘éﬂ’? ety B BrgeRETor 'Y b SR 1800

i NS i NeyepRBIY tyrdsiheAldfadel d¥inaif €TRIS bitoPRISPREMIADA 16 RIREABE TrSubRYBedieen
found to enhance the 20 agoni st pro ertles of peptide hornones, ‘but . none

appear egivabtofdhe éwsuliy reneptare Theisutop copation skahilizee thﬁfmtmatedtramm,r t he
ability, of thi oI i.din such a Jitazon nhance, adl pocyt e
Gt or whest FsERR L B BBG S iﬁvmﬁﬁé%éﬁ‘fﬁﬂwgl iFocgiular fignaling pivigice

41: 393 (1992))_"These thiazolidi nedi ones represent a cl ass of potent| aI

anti - di abeti q SOEREURAS aiééﬁﬁhm%ahﬁmaédiggle % g&aéﬁ‘es% tnes: Jf PAkeg 10

i nsulin (Kobayashi, D abetes 41: 47 The thiaz
“switch diabptes. dxxsldums qurehily esed as a actimeat, eh:ht mﬁeaﬂmtagecﬁﬂ%%@l)se indnéinnucl ear
‘_tr CI’I tlonfact |nvo ved in adjpocyte djifferentiation (Kllewer et -
Ut be @%Cﬁ? ‘Mlthpug gsgereﬂmlﬂf apRlaespt Wewin Bve been depabed.gionect on

t he ' N3t 4 mbfels Qfeléyé BERS aﬁ&%‘bo?“ah't Iﬂ'ré‘t*ﬁfx‘% a%u ?Tef];?l%gg@%g %ﬁl&hn use

i ncl ude bot I'nsu cretagogues Stch

bi guani gesraéSwah stss FR AP HuBlnk MEithd BB }ec\é\ﬁoﬁé’@/a%éta%dhﬂ@é@@%? 2003
PCT/ USO0/ 14644 hepatic gl ucose output. To date, non-peptide substances

~whi ch cthe adtivity ohesabt ionatts mgcepedrf @dle @ al. nslulBiol. (Bhetrhye 27 N3 L619F8 1526 ept or
have el scovery aph halene ureas are_kpown to . the |iterature.
They ar bﬁgé\%‘ Elééf,‘hg Lﬁef -on?PEMHE aoﬁﬁ? 7\§§t(|1 é%”s)) dfohgpskdni n and
as o] b f ot f i ves
havlg52 be%daétsh{:3 éb SR aeg B {‘%rﬁetg%%%ﬁ r %pmeng §i csHiJfS t&ﬂ 3%% g"tgﬁélfeﬁé sease

i-ndi cat bando llﬁwmﬂlandﬁﬁl@ﬁ]nbadum{l(ﬁ&iaisku 3. Bzop(ﬂi'ijéikll 2@@1299mld(61t9b9)t has "
been extensivelrg/ resear ched (Dressel Chem Ed., 38:585 (1961 '
Dr essel Xujer eheBiochgmistry 33034 1411%21)9)91)|Ih¢$aqum@¢a@epmienﬂmevs Oasthan

ant hel m tI%S ant i rot.oz? I\{g gcently, it has been described as an
" nhi bi Aels PR oF fisiindlinselBit ai n’avi an and 10 murs ne
retroviruses (De Clercq, Cancer Letter, 8:9 (1979); Mtsuya et al.

AS,(]:_ | (]9-2(73 e( 19523{235@11 haditdoh) 3dnkain Gael-péysitlie @mﬁlncms%@eﬁee%ﬂﬁa he renhB{l"ér’t'E@C()l
20  agonist propemes of peptide hormones, but none appear to act directly on the insulin
receptor kinase. For ;nstance, the ability of thiazolidinediones, such as ploghtazonc, to

enhance adipocyte differentiation has been described (Kletzien, et al., Mol. Pharmacol.,

41:393 (1992)). These thiazolidinediones represent a class of potential anti-diabetic

compounds that enhance the response of target tissues to insulin (Kobayashi, Diabere;s,

25 . 41:476 (1992)). The thiazolidinedionés switch on peroxisome proliferator-activated
recepfor v (PPARy), the nuclear transcription factor involved in adipocyte differentiation
(Kliewer et al., J. Biol Chem., 270:12953 (1995)) and do not have a direct effect on the
insulin receptor kinase. Other anti-diabetic agents currently in use include both insulin

secretagogues (such as the sulfonylureas) and biguanides (such as metformin) that inhibit




Doukas et al., Cancer Res. 55:5161 (1995); Mohan et al., Antiviral Chem
2:215 (1991)). Large numbers of compounds relating to surarfi NOMEMBER\2393
_of the SMPA&PTIF06 anal ogs whi ch have been reported have nul ¥¢EPE4E440ni c
~acid functionality on each aryl 15 ring. Recent studies indicate that -

pol yani oni ¢ suranmin anal ogs have anti gangi ogenic, antiproliferative
activity, and anti-viral activity (Gagliardi et al., Cancer Chenother.

Phar macol ., . 41:117 (1988 Doukas et al Cance Res 55: 5161 (1995);
Mohan efeBtic St O&m% At nomypeptige sYoANCrs WhiGh ifBepingif the activating

bi snaph the patent literature as
_conpl errtgﬁt%ﬁsdr?ﬁ]? O%ngﬁ%%é Q’?g%?g@%%deﬁ‘%&gg%g" "US 4120891, US 4102917,
US 4051176). Addltlonal ly, there are a nunber of azo dye patents (DE.

19521589, US HisikpRidlenBhurei2 165 RRowk o 107 BRbfhlre WTh@ adi 18:aVi0p Gescribed as
. pol ysul f onat ed napht hal ene azo conpounds. Bi snapht hal ene urea 2-sul fonam de

3-azo Pelsulioris apidvderyadyessy|seramin apd s azp éxeSaAr\@wt}quﬂigeseu myaunq:ﬁ@
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SUMVARY g{easeHmdl ANENT | SdhhrhiH, Siebdﬂ’d%ﬁtxhomlvsxéjh rR%sadohie i napH.Le0e ureas

‘whi ch enhance gl ucose upt aké in manmals, to phar maceuti cal conpositions
.t her eof ex@nsively nestahautd (ﬂrcssebnhﬁemg?d 93315:8)%6,\1%&} aReessedj AgChhesEd.,

o et L R i & G BT
F F
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- SOMDR muﬁe@ﬁwruse@aﬂﬁﬂ?ﬂleroq, Cakied) Ritter R3:92(19769 Miteuya ardahessiendel v,
hydr ogen or R3 and R4 together are -(CH2) 2- (ICHZ)S- or
- (CH2) 42266F2R@9§f*) F@aalasyrdbéfaﬂ% eprecst r hemasher, Rearmagolr Akl b] (1988);

Srey - Ol Ml RSB ApR I TR p . 2l R,

o e T s e

aryl (1 ownalpgs Which lewbdeen tapetedhgve inuivpty sulfopic, acid functionality on each aryl

15 ‘ring. Recent studies indicate that polyanionic suramin analogs have anti-angiogenic, -
antiprdliferative activity, and anti-viral ‘activity (Gagliardi et al., Cancer Chemother.
. Pharmacol., 41:117 (1988); Doukas et al., Cancer Res., 55: 5161 (1995); Mohan et al.,

© Antiviral Chem., 2:215 (1991)). A number of bisnaphﬂlylsﬁlfoniC'acids have been

| described m the patent literature as complement inhibitors (US 4132730, US 412959i,
20 US 4120891, US 4102917, US 4051176). Additionally, there are a number of azo dye
patents (DE 19521589, US 3716368, DE 2216592, FR 1578556) which disclose
rpol'ysulfonated naphthalene azo compounds. Bisnaphthaienc urea 2-sulfonamide 3-azo
compounds have been solely reported as a recording liquid (JP 58191772). However,

none of the suramin analogs or azo dyes have been suggested to be useful in the

25  treatment of hyperglycemia or diabetes.

SUMMARY OF THE INVENTION

This imvention is directed to bisnaphthalene ureas which enhance glucose uptake
" in mammals, to pharmaceutical compositions thereof, and to methods for enhancing

glucose uptake using these compounds.

30 In a first embodiment, this invention provides compounds of formula I:’




15 heteroaryl (1 ower)al kyl, substituted heteroaryl (I ower)al kyl,

het erocycl yl, substituted heterocyclyl, heteroaryl, or subst/iNOV&EMBER 2003
heteroaryl, each Y is, independently, a non-interfering substituent which

i s -not M@bedsod o the naphthal ene ring via an azo or am declrudl@dR4s 20 each
x is, independently, O, 1 or 2, and the linker connects a carbon designated

as ¢ to a carbon designated as d, and,is WD 00/71506 '\ - NN--- R314
R where Kis 0, S, or NR. and R is fll cyano, or lower alkyl; or 5 KNR 2
14 Ro - NNwhere R is Hor lower alkyl; or SRI Rdor . i R37

- NOVEMBER 2003 PCT/ US00/48644 SR -NN R3 where R ingI, cyano, or | ower

d "
R B —— [inke ) I =
| 5 linker dl\7\ A R
V) (Y
Formuia |

- wherein
R' and R? are substituents on the A tings and are, _independer;ﬂy,
~SO,NR’,; ~C(O)NR’,, -NR'SO,R’, ~NR'C(O)R’, ~$O,0R",
5 . ~C(O)OR’,-0SO,R’, or ~OC(O)R’,
R’ and R* are, independently, hydrogen or lower alkyl, or R® and R*
together are -(CH,),-, (CH,);-, or -(CH,),-, or R® or R* may be an
electron pair, | | |

'R’ and R® are, independently, hydrogen, alkyl, substituted alkyl, cyano;

10 "~ halo, nitro, -SR%, -C(O)R}, -SO,0R’, -OSO,R, -SO,NR,
- -NR*SO,R?, -OC(O)R?, -C(O)OR?, -C(O)NRY,, -NR*C(O)R?, -OR?,
“or-NR%,, o

“each R’ and R® is, independently, hydrogen, alkyl, substituted alkyl, aryl,
* substituted aryl, aryl(lower)alkyl, substituted aryl(lower)alkyl,

15 : heteroaryl(lower)alkyl, substituted héteroaryl(lower)alkyl,
heterocyclyl, substituted heterocyclyl, heteroaryl, or substituted
heteroaryl, |

each Y is, iIndependently, a non-interfering substituent which is not linked
to the naphthalene ring via an azo or amnide linkage,

20 each x is, independently, 0, 1 or 2, and

| - the linker connects a carbon designated as ¢ to a carbon designated as d,

and is



SR or R3 R4 where R is cyano or |lower alkyl; and, where, if R and R2 are
both -SCPOH, then: (i) no Y is -SCROH 5 (ii) neither R5 ndrNEYEMBERG2M0%
_or -OSOZﬁE“mﬁhﬁM(lll) R5 and R6 are not both selected froRtTNEMYH6ip

- conS|st|ng of hydroxy and hydrogen unless at |east one (MXis (Y),
wherein x' is | or 2 and Y is a halg and the pharmaceutically acceptable
salts thereof as single stereoisomers or mixtures of stereoisoners. These
conpounds may be useful as glucose uptake agonists 10 and in the treatnent
of hyperglycenm a and diabetes. In a secopd enbodi nent, this invention

provi des pharmaceutical conpositions copprising (a) a pharmaceutically
.acceptable carrier and (b) as an active ijngredient, a conpound of the
first enmbodi nent. These conpositions ar seful for stimulating the uptake
of glucose into cells in a 15 manmat Nor faw -t+eating a mammal i an di sease

. state selected fromthe group consistifng oflhyperglycenla type | diabetes,
.and-type Il diabetes. In a third enbquMEnmz this invention provides a

met hod of stinulating the kinase activity of the insulin receptor,
conprising contacting the insulin receptor, or the kinase portion thereof,
with a conpound of the first -enbodi nent, in an anmount sufficient to 20
stimul ate therxerrnszE Q& ovINRY, @il R He H, Ayanoj or loweegkpl,. In a fourth

enbodi ment, this invention provides a nethod of activating the insulin
receptor is provi ded, conprising contacting the insulin receptor, or the

ki nase portioll thereof, with a conpound of the first enbodiment, in an
amount sufficient to effect activation of the insulin receptor. WO

-00/ 71506 7 NOVEMBER 2003 PCT/US00/ 14644 In a fifth enbodiment, this
invention provides-a nmethod for stimulating the uptake of glucose into
cells which display the |nsu#k?ﬁreceptor invol ving contacting the cells,

optionally in the presence o sulin, with a conpouN® of the first
enbodi ment, in an annuntg;g%L%C|ent to stinulate thg uptake of glucose
t he

into the cells. The uptak gl ucosegpnto cell mammal .nmay be

effected by administering! nmpound of the thventidn to the manmal. In

ot her enbodi nents, the |nvent|od provi des nethod&zpf treatlng

hypergl ycem a, type | di-abet esR* or type |11 di abdfes in a nanmal, such as a

~human by admi nistering a therapeutically effective anount of a conpound of
the first enbodi ment or.a conposition 10 containing said conmpound.

5 _ where R’ is H or lower alkyl;

or

SR | o~

—N N — or. —N N;__

where R is H, cyano, or lower alkyl;




BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 Shows the phosphoryl ati on of |IRS
-1 and the insulin receptor with GConpound 15 with and V\,ith(?uﬁoivrﬁ\ﬂjﬁﬁﬁmoi"
Figure 2 Graph showi ng the increase in the phosphorylation of the insulin
recept orwowbrersoé reat ed wi th Conpounds 13 and 15 at vari ouPCcTarsoemeast i ons

Fi gure 3 Graphs showi ng the increase in glucose uptake of cells when
treated with Conpounds 13 or 15 in thg presence or absence of insulin.

- Figure 4 Shows gl ucose transport effect of Conmpound 13 or 15 in the
presence or. absence of wortmannin Figure 5 Shows gl ucose trasport effect

of Conpound 15 in the presence or absence .:qxpbf Wrtmannin and
Cytochal asin B Figure 6 Shows. G.UT4 immn(igﬁ:rescence of cells when
ef

treated with Conpound 15 Fi oyf e 7 Shows th fect of Conpound. 15 agai nst
the insulin and EGF receptor ~Figure 8—aMNph shEwrg t he bl ood gl ucose

| onering effect of Compound 15 with insulin in}a db/db nouse Figure 9
Graph showi ng the bl ood gl ucose | owering R?fect R6f Compound 15 only in a
db/ db rmouse. Figure 10 Shows the effect of Conpound 15 on certain bl ood
conponents in an ob/ob nouse Figure 1 | Shows the effect of Conpound 15 on
bl ood gl ucose levels in,a STZ/HFD rat Figure 12 Shows the anount of
insulin receptor Rotsyayaee enlowsualkylin nmuscl e tissue after oral

P
adm ni stration of nd.15 _Figure .1 the effect of Compound 15
after 3 single dai y’ngggrgslfli{n %g‘ aﬁ/b@]m@’%Fﬁure 14 Shows the effect
of Conpound 15 after 3 (g ngl® ¢aélygodnges in the STZ/HFD rat 7 NOVEMBER
2003 WO 00171506. DETAI LED DESCRI PTION OF THE | NVENTI ON (a) Definitions and
Genedal Paraneters PCT/(UB00/reitbdrR* wirlRf|is ~S@sORMor aORQLRE; and " al kyl oxy",

mean s Cl-C21 nonoval ent...hyd(.oc yl  noiet ich _may be |inear, branched,
“or cyclic. "Lower alkyl@i gt adrﬁo%@r“"él"&ﬁ?éqg"t% 1081 thsyroup egpsisting

"aryl (I " | | .+ B, al kyl . The
or i+ | SRt Y hyBogen, S ABEN BAOMPIMSOIY, whelBP R Srz G P e - T
propy!l , halet, ydnd - tHes pharimdceutkally batcyptabie esdltsbtheydof penringle st@¥dibomers or

cycl opentyl, cyclopropyl methyl, or cyclohexyl. Cl1-C4 |lower alkyls are
pr ef er r SxureQetterapiggmersg Jhgse gompowida maychg yeeful as glucose uptake agonists

10 and in the treatment of hyperglycemia and diabetes.
In a second embodiment, this invention provides pharmaceutical compositions
comprising (a) a pharmaceutically acceptable carrier and (b) as an active ingredient, a

compound of the first embodiment.

These compositions are useful for stimulating the uptake of glucose into cells in a’
15 mammal or for treating a mammalian disease state selected from the group consisting of

hyperglycemié, type I diabetes, and-type II diabetes.

In a third embodiment, this invention provides a method of stimulating the kinase
activity of the insulin receptor, comprising contacting the insulin receptor, or the kinase
portion thereof, with a compound of the first embodiment, in an amount sufficient to

20 stimulate the kinase activity of the insulin receptor.

In a fourth embodiment, this invention provides a method of activating the insulin
receptor is provided, comprising contacting the insulin receptor, or the kinase portion
thereof, with a compound of the first embodiment, in an amount sufficient to effect

activation of the insulin receptor.



noieties with one oleftnic bond, such as allyl. 10 A "substituted al kyl" or

"substituted | ower alkyl" is an alkyl or lower alkyl, resp@cNOYEMNBER2003
is typi c®ldasmemso-, di-, or trisubstituted with a noiety S¢alusasiaay! .

"R -substituted aryl, heteroaryl, nitro, cyano, hal o, -OR, -SR, -COR
-OC(OR -C(OOR NR2, -SQROR, -0s42 - SO2NR2, - NRSQ2R, - CONR2, or
--NRCOR, wherein each Ris, independenhtly, hydrogen, |ower alkyl,

R -substituted | ower alkyl, aryl, 15 R -substituted aryl, heteroaryl,
het eroaryl (I olker)@ftk pmborimenh $tis tinventioar yoyidewer yradthod forostimulating the
~aryl (I ower,)al kyl. and.each R lgldependent,ly, hydr oxy, hal o, | ower

“al kyl oxy"PERSFaPF E1uggsE dnto el BVhl“abq\;é ay |the, insubm FerepivReinvalving contactingiteo.

Subst it uiad, GhtlonhBy o ' |kl i E’F e substituted with
one to thr ee@of t he sﬂ-%lsﬁtil ﬁeh%yn%gﬂgg}%%glﬁf §%1%§%Vge‘of 3{{5‘ e(‘f‘gl??éiil@ﬁtn@ of
. cyano, hal epotmvenffieibigytooximulbfei the WitilieOof ANicHL it thY EIBX @r%ak%o f
articularly preferied. e term "hal o-l ower a nmeans a |l ower a
part Iall pr ef d. The t "hal o- | | kyl " (I]kyl
substi t USEEPSRITRIR GsHa 1t 8 manmal may by effestedshy adndinistering theeompoendbof tieed by
such radj - -CH ,CF3 and -CH, CC13. "Aryl", as in "aryl",
“aryl oxsl&l?ag%aqag}e;% OVa\g‘_i) alkyl", neans a radical derived froman
aromati ¢ hydrocarbon containing 6 to 20 ring carbon atons, having a single
ring 25 (e.g.In qur@myibodiciéntd, WRe Bive RS Ep6 OIS RRAb DS P USatiy %ﬁ%@ée&i‘% to 3
condensed-rings (e.g., naphthyl), or two or nore aronatit rings, ‘ :
pr ef er al¥ge b diabeBsapofne ilt diabaflgs in whinethnel, esuchiaske tunyn by sidrghisteliand (e. g.
bi phenyl The. | <l S. prefera C6- C1 d even pore referably, C6 to.
Cahr Vb b EeRY R e aReRn S romnoues oSt oamba imspbena ommaidony | |5
an a0yl doagifiad sl c6Rpbsndono-, di-, or trisubstituted, independently,
with a noiety such as a hydroxy, triazolyl, tetrazolyl, hydroxyisoxazolyi,
- phosphoric acid or phosphonate residue, alkyl, R -substituted al kyl, halo,
Lo e RS T OOR AR, OO, o NROOR Sher i each |
= . - ;- CLOR, - . , -or - , Wherein eac is,
i ndependegtkyt, hydiShgen thd ghesphoay layibn oRIRSUbaHithe g alid RWEFoAWEY! » ary!,
R -SR.UbSt' t ut gdt a{jylconiﬁxﬁngswﬂ}Kmldhﬁﬁgj@%sﬂiﬁl over ) al k)él , a(rjyl E: ovxgrzjal kyl ,
or R -Sulairk but ed Tt 4ihg flelire@dtn 8 PhoZhork frioh S ARG roxy,
- hal o, lower alkyl O)@ﬁen%gtgg'wiﬁl ‘g‘? n| trsgB g r Hgfak%/{u ﬁgl o iInd'G%P ‘%/I kyl,
amino, of - OQOR V\gﬁl’ s as, PRENSap Ve oL Y BTPYR oPCnistiens ed 10
substi t udAts on a iSPOYIng the mprease in glygese uptakp)of cally whersiyeatedawity | | -
hal 0, cyano, thi o, Comporads khemlp intheeresenaeyar eksenceof impdiroxy. The radi cal s
- SOP0R, TigwpfRe, - Bloows ghwdse aDSpR2 ¢ffodiof €ompRung 1Byod 16 Grethepiresewwedr al kyl ,
are al so especi al | gbgenef ef wertmamdiat i t uents of substituted aryls on the
conpoundiguwé 5t he pPERSWHNEIuCHERHshOR effediRIrETRRSUnd 1538 thebre . and
'r;het eroaryl (I omr)af%mmp@y&@ﬂl%]% deri vfedmi}?rrg%]ﬁgﬁé%ﬁ%%fei“c
ydrocarhaRe gont ai BhAJs &1 {4l bttt &M Bice brl@nPwhin Wk S8k %ompound

15 :
F‘igure 7 Shows the effect of Compound 15 against the insulin and EGF receptor
Figure 8 Graph showing the blood glucose lowering effect of Compound 15 with
insulin in a db/db mouse
‘Figure 9 Graph showing the blood glucose lowering effect of Compound 15 only in
: a db/db mouse. ' ‘ _ '
Figure 10 Shows the effect of Compound 15 on certain blood components in an

ob/ob mouse
Figure 11 Shows the effect of Compound 15 on blood glucose levels in a STZ/HFD
rat '
Figure 12 Shows the amount of insulin receptor phosphorylation found in muscle
tissue after oral administration of Compound 15
- Figure 13 Shows the effect of Compound 15 after 3 single daily doses in the db/db
mouse
" Figure 14 Shows the effect of Compound 15 after 3 single daily doses in the
STZ/HFD rat :




hetero atonms chosen, independently, fromN, 0, or S, and includes

monocyclic, condensed heterocyclic, and condensed car bocycl7i NOMEMBER 2003

heterocyclic aromatic rings (e.g.,. thienyl, furyl, pyrrolyl, pyrimdinyl,.

i soxazowylgo/7ose8zol yl, triazolyl, tetrazolyl, indoly-1, immbesmaismanyl,

purinyl, isoquinolyl, pteridinyl, imdazolyl, pyridyl, pyrazolyl, 20

- pyrazinyl, quinolyl, etc.). A "subst ig uted heteroaryl” may have fromone to
three substituerts such as an alkyl,” R -substituted al kyl, hal o, cyano,

nitro, -SR -OR -COR -000R, -SO20R, -0OSO R, -SO NR2, -NRSCZR, .-000R,

NR,, -CONR2, or - NREFRAILHRDHESCBECRIGN GF THEIDSENFION hydr ogen, | ower

al kyl, R -substituted |ower alkyl, aryl, R -substituted aryl, 25

het er oday| , Defirgtiomr and Gaweal)Rakdapdtersar yl (| ower) al kyl, or R -substituted

aryl (I ower)al kyl and each R is, independently, hydroxy, halo, |ower -

al kyl oxy, cy‘grlg, Lhio, nitro, lower alkyl, halo-lower alkyl, or amno. In.

addi tion, any¥¥o. 28 Hc ¥y supst pkylrys Biwaeh& -Geteomexalgnt hugrosrbybnal |y

t oget hey,.. I r.,.ay: e Loxy. Particyl arly . preferre subst |,f uent s

on theq{s“t)}gg{ %%P e‘%\éﬁebteeﬂrng%%’yﬁ%?%%au% Cﬁf’/l r'og")?,w eﬁaﬁ“%’,l ’Ia(‘fv\g‘rqu”ﬁS/F@S@, cyano,

- 30 §hi hailoner akgnetaral(lower)allai’o ok FheeraatkyibweNalor ] feNs 2100d, an8), am no.
7 NOVEMBER 2003 WO 00171506 PCTI'USOQ) 14644 .10 "Heterocyclyl'" "medns a

r adi calThgdeimy elpwer alsydningludeh andhomoisyics axmethydiradinyy isopropylo ptapiyhitntgy!5 to 14
"~ ring ato 1 to.5 of which:are hetefo atons, chosen, independently, from’
N, O, d’?or@ity %??Séi}%:lqicteﬁ‘m& ( B‘?’Q’.ﬂ; @%’fﬁah‘?&ﬁﬁ%’ ny ¥ cloprapy lopS% anyl ,
pi peri diyBishexl €,JC, Ab%eP a8 hitdpreRerfed. SUDSHEL Hise el ihYihelafBy have
fr.om ong toe}?ﬁreé*s‘ubsfi tue}ﬁ{ S, I;%rreelfr%r ably su%lsﬂit uenétégqﬁéé %‘r:ll.ua yl,

'R - substheitti¢sestitlabky blefinid mndec ywhas allyk.ro, - SR, -OR, -COR, OCCR, -SOQ20R, .
-OS2R, -SzNR2, -NRSO2R, -COOR, -NR2, -CONR2, or -NRCOR, wherein each R -

_i's,.independent |y, hydrogen, lower. alkyl R -sybstituted alkyl, aryl, R -
Sublt 1 Tt od ‘ar SRSy o TRUPEI-URAIPbrDAD) AR Ay ISRy or
R - subsLi fLut - | S dent Ly hydr oxy,
nal o, ToRse ity STREis BREE) Ao POy RBdRuciug SREREIEED B 011

or am e-subsahRlr 8615 WetdrbdryENhfire® Neyiino S WAKS, | Lyred.diet QCWCLﬂC(Oplg ude

| ower al kyl, hal o-I"ower al kyl’, hafo,” cyano, thio, am'no, ['ower al Kyl oxy,
or hydr@(D)ORArYNRL,ovED )GR LK YOSOgRaRSONRQWNR SOOI, —CatRal orWeNRT OF '
substituted with an aryl, 15 as previously defined. A "substitute

aryl (| ovherginlcksh R issgadepeaderdiyy hydrogenr, lawvénydikylaRi-satistibad logeoalkyl, enthr ee
substituents on the aryl portion or the alkyl portion of the radical, or

both. Risubstauiediaryloheteioanily hetervamdoweraling; Resskiatitutedipyifowdmadhylj er

het or odioPEuRy Lad ot B dndBARrERo v o elo, 1% KHaRBesYReNi ng one

{0 Sfio> uhRL IbURPIaHoR "nAiBoRE! SIGRT ¥ RN SUbstifdfed’ ARyR! &V hurRBRELON O
lower alkyls which are substituted with one to three of the substituents selected from the '
group consisting of cyano, halo, lower alkyloxy, thio, nitro, amino, or hydroxy are

20 particularly preferred.

The term “halo-lower alkyl” means a lower alkyl substituted with one to three

halo groups, and is further exemplified by such radicals as -CF,, -CH,CF; and -CH,CCl,.

“Aryl”, as in “aryl”, “aryloxy”, and “aryl(lower)alkyl”, mean$ a radical derived

from an aromatic hydrocarbon containing 6 to 20 ring carbon atoms, having a sirigle ring

25  (e.g., phenyl), or two or more condensed rings, preferably 2 to 3 condensed rings (e.g.,

* naphthy!), or two or more aromatic rings, preferably 2 to 3 aromatic rings, which are

linked by a singie bond (e.g., biphenyl). The aryl is preferably C,-C,, and even more
preferably, C, to C,,. | ' n




A "l ower al kyl oxy" neans an -CR radical, where Ris a |ower al k{ll . "Hal 0"

means bronmo, fluoro, or chloro. A "non-interfering substitudrNO BER52003

subst i t ud¥® 0%MiS8h, when present on. a 25 given conpound, REFAESONDE644
“substantially decrease or otherwise inhibit a particular, desired

bi oactivity of the conpound, such as tfe ability of the conpound to

stinulate the kinase activity of the insulin receptor, to activate the

insulin receptor, .or. to stimilate the uptake of glucose into cells
di spl ayi ng t hé* i riasHfied aBdpbAn arpleradical sviieh &% mame-, rdin- omirisabsitited, VO

00/ 71506; NBER Ltuent ,shoul d not

_detri nen%nzlijlé?in ai ?gct tﬁél(P %?tgasg | \!ﬁu ?@%ﬁlﬁgﬁéa%ﬁﬁ%?ﬁ%ﬁ&% hygpgyspazoldnout
30% Prefrssahbyic t nQp- i aNOraSiHRSt i t '( : t ioagtivity
of the DBl R OO R e\, S aERe | A °RE,

. non- i nt etffelorargethyl yabsleiiiro ASRS -ORI-CBRS c0®OR, h8hORACHEGIR V-5ef NrRDhe
conpound to any detectabl e degree. However, the effect of tHe presénce of
t he don- iIMRBO{Rr +GGORIbNRE, u€HINBR drheNEOOB uvitkrein edcn @ ispéndepentdena), For
instance, the non-interfering substituent may optionally increase a
part i cul Bydrogim deves alkyl, 3} -shetitaisdgowat alksliarab [Ré-snlbstitiitert enyl ehétergaryl,
substi tugnts i n@l ud§, but e n% limted to, alkyl, substituted alkyl,
cyano, hafteroanyidewenalsy, andfowepialkylrer Risubstityed aptilowenalkyli andessehdint | v,

hydr ogeng Erfl\ai:@ﬁén&kﬁy ;h&dg%iys ‘ﬂgﬁrﬁt %(Sexy%rfaﬂlﬁ)gg%f rﬁyg}x%ﬁmgiog :ngtrés Yo . &F %klil {hka?%eo 'S

t he group u

wher ei n Rweryllbd, ainkyd, orarQOORgrwistdroOgers dbfingh aboee eBpalllyY pResRAL abl e
salt" may be any salt derived froman inorganic or organhic acid or an

i norl§ani fibstitugrigan @ syhstuted eyt are owph aliknh dwli-loveer ajkyhclabpt aitahe, tHio,ani on”
refers t he ani on_of ch aci.d .addi tion salt e rrm " pharmaceutically
accept ab g’bt f%)n?mf%rfaégﬂof%: A Bydisn %fﬁ@%&%ﬁ#t’%@ﬂ%ﬁ 'g @ndThe
sal t aDdJGUNRQthe@éIhQ@isq{gdﬁ?éehQP IW& BRASHB aliflespRidNG rdﬁéfeh cﬂéuﬁﬁti{]u%n&r -
ot herw se undesirabl e. "Stereoi somers” "are conpounds”that have the Sane
sequenceofshbstisvat amtls botiiscongmainds 6f the pieserthimvendbat i ve di sposition of
their, atonms in space. 20 "Inner salts" or "Zwitterions" can be forned by
‘transferring g,proton,fromthe carboxyl, grou nto the | one pair _of
el ectrons of tHEAP og%sh“’atlbﬁ’i‘?ri”f‘ryi h@“‘in{leﬂﬁ%‘g’ Wer)aﬁ*fVZraaIBE%RSi%éﬁdl‘jﬂl
ef @511 Vel Wi aTBRRRatlc T HrRIRMA collin 38 oS 8, el
for treating a disease, | Eﬁsfjffi [of eﬁt trgﬁke, &g‘?ng g??%fsf‘ ttlag ﬁg)rt;t“; Bt ¥ he
di sease.hetéfpeatbinsgthaen,’ indeptmdently, dfona Nii Sease Si mnd AR hewdcydes: 7
NOVEMBER 2Q03 00/ 71506 ) o
condensed heterocyclic, and condensed carbocyclic and heterocyclic aromatic rings (e.g.,
thienyl, furyl, pyrrolyl, pyrimidinyl, isoxazolyl, oxazolyl, triazolyl, tetrazolyl, indolyl, .
isobenzofuranyl, purinyl, isoquinolyl, pteridiﬁyl, imidazolyl, pyridyl, pyrazolyl,

20  pyrazinyl, quinolyl, etc.).

A “substituted heteroaryl” may have from one to fhxee substituerits such as an
alkyl, R'-substituted alkyl, halo, cyano, nitro, -SR, -OR, ~COR, ~OOCR, -SO,0R,
;OSOQR, -SO:NR,, -NRSO,R, -COOR, —NR,, ~CONR,, or ~NRCOR, wherein each R is
independently hydrogen, lower alkyl, R'-substituted lower alkyl, aryl, R'-substituted éryl,

25 heteroaryl, heteroaryl(lower)alkyl, aryl(lower)alkyl,- or R'-substituted aryl(lower)alkyl
and each R’ is, independently, hydroxy, 'halo, lower alkyloxy, cyano, thio, nitro, lowef
“alkyl, halo-lower alkyl, or amnino. In. addition, any two adjacent substituenté 6'1‘1 the
heteroaryl may optionally together form a lower alkylenedioxy. Paﬁicﬁlarly preferred
substituents on the substituted heteroaryl include hydrbxy,l halo, lower élk}?loxy, cyano,

30 thio, nitro, lower alkyl, halo-lower alkyl, halo-lower alkyl, or amino.




12 (1) PCT/US00/ 14644 preventing the disease fromoccurring in a mamal
which may be predisposed to the disease but does not yet e]ﬂdQV&MBEBrZOM
di splay synptons of the disease, (2) inhibiting the disease, i.e.,

arresti ngrd gogristgvel opment, or 5 (3) reli-eving the di sease,pdy/B8s00/1%844Si NY
~regression of the disease. The "kinase portion thereof', with respect to
the insulin receptor, neans the cyt opiﬁsmc tyrosi ne -kinase domain of the
insulin receptor. (b) Nonencl ature TheYconmpounds of fornula | are nunbered-
and . named as described belowwith 10 reference to formula 1la._ R5 5 4 R
(Y)x . (Y)x R3 Rfetetocfcld” NnebnB £ ridical Hesivéd Rrotn i éﬁﬂhan(: YE¥clfcohfdtbéarbén | N t he
conpound of formula la, the substituent R is in the 7-position of the

“napht ha|0é>ﬁémwpaé to gl fdring atoms; h te ﬁ@@b@b.fﬁ betent atoms dhepén, Hiadependanitlyg.  For
| R2 SCRCH, . R5 H,
R i R et s MR S By [t eyl el Fopvsnt ¢ ne

napht halﬁﬁ@ndlhﬂgetw)rafb};rgﬁn% substituent and is attached to C7 of the
napht hal'ene ring with the R6 substituent on it, then the nane of the

- conpound is:

- 7-{[ 67- sul f 0- 2-“maptitiigd heteionylyl rhanhdenirorn}anephtthek enbstRuss, fryeferabiic i d W
00/ 71506 13 _.(c) Conpounds. and Pharmaceutical Conpositions Thereof 7

NOVENMBERusfifgentpdrke Umoalkyh 6& 4substigirel alkyb chialost peanee mieundiR.ofORheCORyent i on
- compri se fPRROUHIHRT oSOk "WANR,, -NRSO,R, -COOR, -NR,, -CONR,, or -NRCOR,
wherein each R is, independently, hydrogen, lower alkyl, R'-substituted alkyl, aryl, R’
substituted aryl, heteroaryl, heteroaryl(lower)alkyl, aryl(loWer)aIkyI, or R'-substituted
10 aryl('lower)alkyl and each R’ is, independently hydroxy, halo, lower: alkyloxy, cyanb |
thio, nitro, lowér' alkyl, halo~lower 'alkyl or amino. Preferred substltuents on a
substntuted heterocyclyl include lower alkyl, halo lower alkyl, halo, cyano thio, amino,

lower alkyloxy, or hydroxy

“Aryl(lower)alkyl” means a lower alkyl radical which is substituted with an aryl,
15 as previously defined. A “substituted aryi(lower)alkyl” means an afyl(lower)a.lkyl radical
having one to three substituents on the aryl portion or the alky! portion of the radical, or

both. . - | '

“Heteroaryl(lower)alkyl” means a lower alkyl radical which is éubsﬁmted with a

heteroaryl, as‘ previously defined. A “substituted heteroaryl(lower)afyl” means a

20 hetefoaryl(lo.\»)ér)alkyl radical having one to three substituents on the heteroaryl portion
or the alkyl portion .of the radical, or both.

A “lower alkyloxy” means an -OR radical, where R is a lower alkyl.
“Halo™ means bromao, fluoro, or chlor‘o.

A “non—mterfenng subsutuent means a substituent which, when present on a

23 gwen compound, does not substantially decrease or otherwme inhibit a particular, desired
bioactivity of the compound, such as the ability of the compound to stimulate the kinase
activity of the insulin receptor, to activate the insulin receptor, or to stimulate the uptake

“of glucose into cells displaying the insulin receptor. The presence of the non-interfering




d2 Aj linker Il AR L 7-- ~ 71~ ~ "~ (Y)x ()x (Y)x (Y)x Formul a |
10 15 20 wherein R and R22 are substituents on the A ringd NQYEMBER 2003
i ndepend®@t ¢07i5802NR ,, --C(O NR72, NR7SO02R, -NR7C(O R7, pci@<obd{s644
-C(OOR, -OSRR7, or -OC(OR7, R3 and R4 are, independently, hydrogen or
| ower al kyl, or R3 and R4 together aﬁg -(CH2)2-1 -(CH,),-, or -(CH2)4-1 or
R3 or R4 may be an electron pair, R5S"and R6 are, independently, hydrogen,
al kyl , sut%st_i tuted al kyl, cyaho, halo, nitro, -SR', C(OR8, -S020R8,
- 0S02R8, Subsisirpigshouid ngrdeapretallyafiec) the bicaglidty 6Rthe cof{fOuR by, modthda( O R8,
- -ORB, of - NR8,, h.R7 and R8 is, .independently, hydrogen, alkyl,
. substit u%bé)&lt\lgﬁ ﬁylﬁé‘%ﬁ?ﬁf’ tﬁles BB@?’FF%%W ﬁ‘ﬁi}ﬁme&? FrErRR tha Plopetivisubs thet ut ed
-aryl (1 onesmpdud by lefiahsd h 6440 SRS HohtUlEE. -
het er oar vyl (I%JOWEY)ya| kyl , g%reu%/éég’c%{%?%e%h%lgt-%ﬁogd‘ﬂF?ggrelpggﬁthe,m does
. het er oar®dt, degreasa et bipattity dfethercoatpplind 7o NOYVENMBIRH2OGS re¥OHBREVEO QR
PCTI #SOO’r%F464f1 14 each Y _is, ‘independently, a non-int er%eri ng substituent
whi ch i sSHRGE Of {thacBigsenes of e RaprRterTrEresyhsttien on Ake aompoundansedendtiekage,
each x i | I . . 2, the linker connects a carbon
- desi gnat%&nggggp?[%ggﬂ%a%{%g% Hé%r?%nr?étsél Qgtge%,mféynapti“gm Y pRcrease a pariigulas R4
: bioactivity of the compound. Suitable non-interfering substituents include, but are not

w

limited to, alkyl, substituted alkyl, cyano, halo, nitro, -SR, ;OR, and -NR,, wherein each
R 1s, independently, hydrogen, lower alkyl, or substituted lower alkyl.

10 .. An™azo linkage” is the group -N=N-. A typical “amide linkage™ is the group

—N—(C —
1
R

O

wherein R may be alkyl, aryl, or hydrogen.

A “pharmaceutically acceptable salt” may be any salt derived from an inorganic
or organic acid or an inorganic or organic base. The term “pharmaceﬁtical]y acceptable

15  anion™ refers to the anion of such acid addition salts. The term “pharmaceutically ‘;
acceptable cation”™ refers to a cation formed bf,r addiﬁon of a base. The salt and/or the

anion or cation are chosen not to be biologically or otherwise undesirable.

(43 M 27
Stereoisomers” are compounds that have the same sequence of covalent bonds

and differ in the relative disposition of their atoms in space.

- 20 “Inner salts” or “Zwitterions” can be formed by transferring a proton from the

~carboxyl group onto the lone pair of electrons of the nitrogen atom in the amino group.

“Therapeutically effective amount” means that amount which, when administered

to a mammal for treating a disease, is sufficient to effect such treatment for the disease.

“Treating” or “treatment” of a disease in 2 mammal includes:




where Kis 0, S, or NR, and R* is H, cyano, or |lower alkyl; or or 10 where
R is Hor lower alkyl; or SRI R4 or SRNN R where R id NMOVEMBER 2303
| ower. al kyl ; WO 00/ 71506 7 NOVEMBER 2003 PCTI US00/14644 15 SR or 5 R6 of
hydr oxy \&ﬁ(ﬂﬂfmﬁdﬁogen unl ess at least one (Y),, is (Y'),,. RATEIOP4649 x' is |
or 2 and Y is a halo, and pharmaceutically acceptable salts thereof, as
single stereoi somers or mxtures of styereoi soners, Preferred conpounds of
formul-a-1 include conmpounds of formula Il: R5 where'R is cyano or | ower

S020H (119 MV hePreNating: it SHEaSeSAmBRES S HTINEORD SRERTY IS RS B s,
are.not both sel ecLed;ihrQd o8 BMPasE OB FbLNGok Y)eX éxpefslmﬁ]e be Aéhsplay
| symptoms of the disease,
@) inhibiting the disease, i.e., arresting its development, or
5 €) rélieving the disease, i.e., causing regression of the disease.
The “kinase portion thereof”, with respect to the insulin receptor, means the

cytoplasmic tyrosine kinase domain of the insulin receptor.
{b) Nomenclature

.The compounds of formula I are numbered' and named as described below with |

10 reference to foﬁhula Ia

Formulia la:

In the compound of formula Ia, the substituent R' is in the 7-position of the

naphthalene ring, and R? is in the 2-position of the naphthalene ring. For examp'Ie,'if R'

is SO,0H, R? is SO,0H, R’ is H, R* is H, R’ is H, R® is H, and K is O, and the

15 aminocarbonylamino linker is attached to C2 of the naphthalene ring with the R
substituent and is attached to C7 of the naphthalene ring with the R® substituent on it,

then the name of the compound is:

| 7-{[(7-sulf0—2—naphthyi)amino]carbonylamino}naphthalene-Z-sulfonic acid




BJN NI(_BAI RRCd R3 R~~~ (Y)x (Y)x Formula Il 15 wherein the

| i nker connects a carbon which is designated ¢ with a carbod NAVEMBER 2003
desi gnat W@ W/71886d phar maceutical | y acceptabl e salts ther e@CI/Us80/b468¢y] e
"stereoi somers or m xtures of stereoisoners. 20 7 NOVEMBER 2003 WD

00/ 71506 PCT/ US00/ 14644 16 Preferablyz the conpounds of formula Il include
conmpounds of fornmula Ila RB R6 1~~~/ NN~~~/ RR R (¥Y)Xx (V)X (V)X (Y)x R3
R4  For alla or ceutically acceptable salt thereof as a single
st er eoi E@Ler E&Pmﬁ‘P%‘Eﬁa’éﬁ f‘@?‘@%ﬁlgé’mlﬁ%ﬂ“@? R through R6, Y, and x
are as previously defined for formula Il. Preferably, each non-interfering
~Substituent Yis a t Y, tro,. -SR'.. -OR9
or -NR92, wherein Ieﬁééﬁe I%%délégth% lﬁ%@g (ﬁ%néfth%ﬂ%gugﬂgéﬁ&p g\é/\éur)mpg?%:\yld,f or
substituted | ower al kyl forivimdd I:pr ef er abl y, each Y is | ower al kyl, hal o-Iower
~al kyl, lower al kyloxy, cyano, halo, thio, nitro, amno, or hydroxy. 10 In
the conpounds of fornmula I, la, Il, and Ila, each x is preferably zero or
one. In particularly preferred enbodi nents, each x is zero. In one

pr ef grred enbodi ment of the compounds of the invention, RL and R2 are,

i ndependently, -SO OR 0, -C(OORE, -S2NR'R10, -C(O NR'R10, -0OSO RtO,
-OC(OR10, -NR'SO R, or -NR'C(O R10; each R' is, independently, hydrogen.
or 15 lower alkyl; and e R10 is, independently, aRﬁyI, substituted

al kyl, aryl, substitute ayI(Iovver)aIk su stitut-ed

aryl (1 ower) al kyl , ete'o/y T
het er oar yl (| ower) al kyl S
or substituted hetero
-SOZNR'R. 0, -C(ONR SO,

preferred embodi nent (Ylk |(sY)&ydr ogen. For 2(Yhnst@hlke, in particularly
preferred conmpounds, R and R2 are, independently, -SO NHRf or -NHSO R .

[ :
shlzguth hef\eﬁee-yeR/%, het er oaryl

rfél Rz are S ]/ ndependent | y,

R, or-NRt OR¥O. In a further

Formula |

wherein
R' and R? are substituents on.the A rings and are, independently,
7 —-SO,NR’,, —-C(O)NR’,, -NR'SO,R’, -NR’C(Q)R’, -SO,0R’,
10 -C(O)OR’, -OSO,R’, or -OC(O)R’ .
R® and R! are, independently, hydrogen or lower alkyl, or R* and R*
together are -(CH,),-, (CH2)3 , or (CH,),-, or R’ or R* may be an
electron pair, B -

| R’ and R’ are, independently, hydrogen, alkyl, substituted atkyl, cyano,

15 | halo, nitro, -SRY, -C(OJR}, -SO,OR’, -OSO,R}, -SONR,
' NRSO.R', -OC(O)R’, -C(O)OR", -C(ONRY, NR'C(O)R!, -OR",
OI' "'NR.S'),

each R7 and R® is, independently, hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, aryl(lower)alkyl, substituted aryl(lower)alkyf,
20 hetefoaryl(lower)alkyl, substituted heteroaryl(lower)alkyl,
heterocyclyl, substituted heterocyclyl, heteroaryl, or substituted

heteroaryl,




In an alternative preferred enbodinent, R is -SO OR 0O, -C((R)PCR' )

SO NR sRlL, -C(ONR'R, -0SORO0, -OC(OR O, -NR'SO R3, or - mw%m&ams
R-is -SOOR', or —-CCOOR', wherein Ro and R 1 are as previously defined
in the 2MOMPEtWEi ng paragraph. R is, preferably, -SO NR PRTS00/C6®) NR' R ,
-NR'SO, R10, or WO 00/ 71506 17 7 NOVEMBER 2003 PCT/ US00/14644 -NR'C(OR 0.
- I'n a further preferred enbodi ment, R'iis hydrogen. For instance, in .
particularly preferred conpounds, R is -SO2NHRLO0 or -NHSO2R 0..1n one
preferred enbodi msnf_1 R2.is -G(ONR'2 or - In an_ alternative

OO .. .al] A
preferred enmbodi nefff "Ripindependepiiy s nongpter Bxubstifyeat which isoptiinkedy one
preferred enbodi nent of,.t i I I S... bndependently, a
substituted al kyl, subs%oitgﬁ{léeﬁ}@%/r}e%&‘ﬁgtg?ta%gr ardﬁllag%g%r)al kyl ,
substituted het ereahyli§,|independdrkly| 0, ISetxtahdut ed heterocyclyl, or
substituted heteroaryl: at least one of the substituents on Rl is R 2;
each R2 is, indepﬂ?ﬁé’@k@ﬂ ¢onneEERORIDN dgsEnaRd s ¢ toSCeNRLB Aesigi@ied MR132,
hydrs)xy,aﬁt r.g azolyl, tetrazolyl, hydroxyi soxazolyl, a phosphonic 10 acid
resi due, Srl a phosphonate residue; and each R13 is, independently, hydrogen
or lower alkyl. R10O in this enbodinent is preferably a substituted aryl or
substituted heteroaryl. It is particularly preferred that RO be a
substituted phenyl. In preferred conpounfs of the invention, each R12 is,
i ndependently, -C(OOR 3, -C(ONR132, -S{]20R 3, hydroxy, triazolyl,
tetrazol yl, hydroxyi soxazolyl, a phosphoHjc acid residue, or a phosphonate
15 residue. In particular, it is pref edh that R 12 be -C(O OR13, '

- -S020R13, hydroxy, triazolyl, tet raz§{yl', ydroxyi soxazol yl, a phosphonic
acid residue, or a phosphonate residue., For'y i nstance, -each R 2 may be
-C(OH, -S20RE3, or -C(OOCH3. In aFéaterFﬁatively preferred conpounds,
each R12 is, independently, -S020R 3 or -SO2NR132. It is particularly
preferred that R12 be -SO ORt3. In especially preferred conpounds; R 2 is
20 S0, 014. It 458, pr: I hat en R is -C(OORL3 or -SO OR33, R17
shal | be adj %%e%?ﬁlggftshgpgiiylapdﬁ{tq%gogmlo: Orollg(*i% %@?’gcycl yl ring to a
substituent such as chloro or hydroxy. In an.alternative preferred
enbodi ment ofert he i nvention, each R10 is, independently, an aryl,
het eroaryl, aryl (I ower)al kyl, or heteroaryl (|l ower)alkyl. In this :
enbodi ment, R10 is preferably phenyl, pyridyl, pyrazinyl, or pyrimdinyl.
25 In still other preferred conpounds of the invention, each R and R.- _
are, independently, -SONR,, ,,-C(ONR,, -SOOR7, or -CCOOR ; and each R
is, independently, hydrogean;r%I ower al kyl. Pref erap]IrF%r,8 R and R - are,

d

i ndependently, -C(OOR or {C(ONR 7. In other pref conpounds of
formula I, however, R and are, independentl %R/%CR? or -SO NR7,. For
instance, R and R2 nmay—b bepn--SQ OH. 7 NOVEMBIRR 2003pN A0 00/ 71506 -:

PCT/ USO0/ 14644 _ | : |

R* R’
10 _ where R is H or lower alkyl;
or
; ji | SR’
R* R

where R” is H, cyano, or lower alkyt:
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18 Preferably, if R and R2 are both -SO20H then R5 and R6 are not both
ei ther hydroxy or hydrogen. Preferably, R3 and Ra of the cdri$QVRMBER 2003
i nvent i oMQPW&71R86dr ogen. Preferably, R5 and R6 are i ndepen®&ivUspd/i4s¢élr ogen,.
al kyl ; substituted alkyl, 5 cyano, halo, nitro, -OR8, --NR82, or -SR, .
wherein each R8 is, independently, hygsogen, |ower alkyl, substituted |ower

‘al kyl, aryl, substituted aryl,; aryl (lower)alkyl, substituted

ar ower )a , et er oar , Or et er oar ower )a . St rerera ,
yl (1 yal kyl, h yl h yl (1 yal kyl . Most preferably

- R5 and R6 are, independently, hydrogen, hydroxy, halo, cyano, |ower alkyl,

hal o- I ower al kyl, lower alkyloxy, nitro, amno, or thio. In many preferred

~conpounds of the invention, R5 and R6 10 are both hydrogen or hydroxy. The
conpounds of formula | and fornula Il are pr@Rerably symretrical. Conpounds
of the invention conprising nore than one pr ferred substituent are
preferred. If one conpound cofprises nor: 3“ red substituents than a
second conpound, then the first conpoundjis pr

ferred over the second. For
i nstance, 15 conmpounds of fornula | whi ch have a.meferred radi cal s for each
substituent R through R4 and R through Iﬁ' 2 are preferred over those which
have preferred radicals for only the. substituents R through Rl. For
exanpl e, preferred conpounds of the invention include those of forrmula Il1:
R5 R6 0 RIOHNCO2S m&@zlﬂ—lm@aasol:mwmlaﬁ(ylll wherein R5 and R6 are sel ected

fromthe group consisting of hydrogen and hydroxy; and each R10 is,

i ndependent |y, subid, wewsdifdy ;and& agUingh 3O, therer oaryl ; at | east one of
t he 5substl tuents on Rl | S R % g@ (?Ilez is, | ndependent ly, -SO OR13,
P

_C(OFORL3, -SCRNR132, Sk ofRY3 zolyl, tetrazolyl, isoxazolyl, a
phosphoni ¢ acid resi du iiyor @eﬁgpﬁp};r&q@tg: g Rsbrd gagmd ch R13 is,
i ndependent |y, hydr ogeﬁ( c))r Iovlver al kyl ' 7150%58‘_% EMBER 2003
PCTI USOQ 14644 and phar @iceuki amd Rf/aacmﬁpio&bkeﬁecstedl fiont der gohp aSnﬁﬁtim@I e

stereoi soners or -m xtures of stereoj soners. Preferabl when R12 is
-CO( O R13 or -S020R 3, dzgyy| Inddhy dspgeR s 6h leaptheneat Ok Is GEhevbereip |

~heterocyclyl ring to a ?tig)ﬁ&ﬁgg@y Flﬁcﬁﬁ@s chloro or hydroxy_ O her
0

exanpl es of conpounds reseén nveéntion include those of formula 5
1V: 10 - and pharmaceutically acceptable salts thereof, as smgle stereoisomers or

mixtures of sterecisomers,

Preferred compounds of formuia I include compounds of formula II:

Formula II
15 wherein the linker connects a carbon which is designated ¢ with a carbon which is

designated d,

and pharmaceutically acceptable salts thereof, as single stereoisomers or mixtures

of stereoisomers.

20




SQ2CH Fornul a 1V wherein RS and R6 are selected fromthe group consisting
of hydrogen and hydroxy; Rio is substituted aryl or substlf?LN@UEMBERZOW
heteroaryl ; at |east one of the substituents on Rifl is R'; 10 each R 2
is, indéyeo@rsed y, - SO2OR13, -C(O) OR13, - SO2NR 32, -C(O NRGBASM/r464iz0l vl ,
tetrazol yl', isoxazolyl, a phosphoric acid residue, or a phosphonate

' residue; and each R' is, independentiy, hydr ogen or | ower - al kyl, and
pharmaceutically accept able salts thereof as si ngl e stereoisomers or

m xtures of _stereoisoners. PreferabI}/ when R2 is - OR13 or --SQZOR 3,
R 2 shal | be Paglreedbhthespmpeynds of forpmla i dncludsgopmpougds syl ring to
a substituent such as chloro or hydroxy. Preferred comgpounds of the present
i nvention include, butare not Iimted to, the 20 fd}low ng conmpounds:

4- hydroxy 7-{[(5- hydro y-7-sul fo(2 ' '

id disodium salt;

benzenesul foni c /2> =

[ 5- (car boxymet HRﬂxy)(YZ Sul fry( 2- naphf*'hy|)]ﬁ1nmx} carjonyl am /) - 3- 25
sul f onapht hyl oxy] acetic acid; 3 bré

[ (6- brono- 5- hydr oxy- 7- sulfo(2 napht'hyl) ) ahi no] car bonyl am no } - 4-

hydr oxynapht hal ene- 2- sul f oni ¢ aC| OF orfdNOMEMVBER 2003 WO 00171506

- PCTI USOQ 14644 20 -

4-1(2-sar faopmlﬁr:?mlibw]:eplﬂﬂ? {saltsthereot Bis o Singld Slspdeeoye) ozt oy (-

bl L R R R e T SR e PR
aci d; 4- met h@xypedibly [cheh %hﬁﬁ’t&f‘eﬁn? WhiBiagent Y is alkyl, substituted %Hiyé (eyano,

napht hyl )) am no] car bonyl am no} napht-hal ene-2-sulfohic aci
5- [ (et htwlpe aithg ngRY Rt W]-NRE’@uIvlﬁe:rélﬁ-mka%yl indepemdienty, chiycbogwi ddwWidr0] - 4-
O ot tnaet Wovsh sl Vs e e P S Yo b

' I 3-sulf -7-
fg" gal) ??@?ﬁ%@%ﬁﬂbﬁf@&&% hfag? thioSHittbO Mnfno?64 Rlydrdig.3- sul T opropoxy) - 7- ({

napht.hyl )] am no} car bonyl am no) napht hal ene- 2- sul foni c-aci d; 4-hydr oxy 7-(f
[ 7- 3@ f 0- 5- ( 3n shd domppormpdx vy fomula 1, Ia, II, and Ila, each x is preferably zero or one. In

particularly preferred embodiments, each x is zero.

In one preferred embodiment of the compounds of the invention,,R‘ and R* are,
independently, -SO,0RY, -C(O)ORY, -SO,NR'"R', -C(OjNR”R"’, -OSOZR-‘d,-;
-OC(O)R", -NR'"'SO,R", or -NR"'C(O)R'; each R" is, independeﬁtly, hydrogen or

15  lower alkyl; and each R" is, independently, alkyl, substituted alkyl, aryl, substituted aryl,
aryl(lower)alkyl, substituted aryl(lower)alkyl, heteroaryl(lower)alkyl, substituted
heteroaryl(lower)alkyl, heterocyclyl, substituted heterocyclyl, hetefoaryl, or substitﬁted '
heteroaryl. R' and R? ére‘ preferably, independently, -SO,NR'R', -C(O)NR''R',

| -NR"SO,R", or -NR"C(O)R". In a further preferred embodiment, R" is hydrogen. For

20  instance, in particularly preferred compounds, R' and R* are, independently, -SO,NHR'"
or -NHSO,R™. '

In an altemative preferred embodiment, R' is -SO,0R", -C(O)ORY,
“SO,NR"R", -C(O)NR!'R® , -OSO,R", -OC(O)R", NR"'SO,R", or -NR"C(O)R" and

R® is -SO,0R", or -C(O)OR", wherein R* and R' are as previous.ly defined in the

25  preceding paragraph. R is, preferably, -SO,NR'R", -C(O)NR"R", -NR"'SO,R", or




- napht hyl

naphthyl)]an1no}carbonylan1no)naphthalene 2-sul fonic acid; 15

' N- (5- hydr oxy- 7-sul f anoyl ( 2- napht hyl )) [ (5- hydroxy- 7- squarmYINQVEMBERZO%
napht hyl Woensi7agdpcar boxam de;  4- hydr oxy- 7 { [ (5--hydroxy- 7P{IT!USGG/14644

*[ (3-sul fophenyl )am no] sul fonyl } (2

napht hyl ) ) am no} car bonyl am no} napht halyene- 2- sulfonlc acid; methyl 3-( {
-[4-hydroxy-7-({ [5-hydroxy-7-({ [3 20 (nmet hoxycar bonyl ) phenyl ] am no}

sul f onyl thyl)]am no } carbonyl am no)-2-napht hyl]sul fonyl- }
am no) be 2'3(5@ ‘gl{x 7 oty ermr;fqrred embodiment, Ri is hydrogen. For instance, in

napht myl B SeD) g}?f%%ﬁﬂﬂciﬁ%%ﬁn SRS A SRR ey pefeco )

b 2 |
i D o s e s

,__.napht hy | i sSPOMNRY qraSOs0RE e suchi as - seu,caH WD 00/ 71506 21 10 7 NOVEMBER 2003
PCT/ USO0/ 14644 . 4- { [(4-hydroxy- 7-

N- hyd 7-sul f
S A A 62 ot
4- hydr N- d !
[sul fgnyIC%&?sétﬁﬁ%ght %&Iy;]{ E‘gar%ta'%r%{/f { am ﬂg{s{-] - napht nﬁ&@gﬁ gnlyllIbfﬂuEé
am no) bdmml(lmdn}aﬂm)@lb?tﬂ@fed[ etérgcrody ex/ sdb&tltuted heteroaryl; at least one of
[ 4- (et hoxycar bonyl ) phenyl ] a no} suifon yl _
aﬁﬁ’g HIPEHF bhyt anff nB) heAgRk Hal elfed @GM@HVC -80% -C(O)OR”,

- f*”? ]ﬁf‘?’?ﬁa‘f@gﬂgm )amﬁfl%%”% ‘igi“%%o@c%is%gszo?ﬁsg'p on e dci &
R e Co s, ARy o e V(7

[ (3-sul fophenyl ) am no] sul fonyl } - 2- napht hyl )car bamoyl | am n
2- napht w}/k»ls&féfl@ﬁlw]e d@}@ém&m@é@ablﬁf@rﬁtlbsmted afﬂmrh;ybstﬂut(e@ hptéroafyl] - ({

car bony IS MRy A9 e RAES ¥ B B St absns, BaPetcnteg Cmpotnds of the
napht hyl e ey o gy PRl ?‘2&?@%?%?2?% bR . ¢
_7 [ ( phertyidzolyin dytezblybnkyydro2yisepabhyl @ phofghonid b¢ill emyitiaayi 6103 phbihomAts ( 2-
D aphr I TR FPtE e e o gt MR o SR oy, oty
( 2" naphtQy] LA GALRA%AN, €phosphonic acid residue, or a phosphonate residue. For
instance, each R™ may be -C(O)OH, -SO,0R", or -C(O)OCH,. In a alternatively
preferred compounds, each R™ is, independently, -SO,0R" or —SOZNR”;. It is
particularly preferred that R be -SOZOR”.V In especially preferred compounds; R" is -
20 SO,OH. It is preferred that, when R is ~C(O)OR" or -SO,0R", R™ shall be adjacent

on the aryl, lheteroaryl, or heterocyclyl ring to a substituent such as chloro or hydroxy. |

In an alternative preferred embodiment of the invention, each R" is,

independently, an aryl, heteroaryl, aryl(lower)alkyl, or heteroaryl(lower)alkyl. In this
embodiment, R' is preferably phenyl, pyridyl, pyrazinyl, or pyrimidinyl.

25 In still other preferred compounds of the invention, each R' and R’ are,
independently, -SO,NR’,, -C(O)NR’,, -SO,0R’, or -C(O)OR’; and each R’ is
independently, hydrogen or lower alkyl. Preferably, Ri and R? are, independently,
-C(O)OR or -C(O)NR’,. In other pfcferred compounds of formula I, hov;'evef, R'and R?
are, independently, -SO,0R’ or -SO:,NR’Q. For insté.ncc, R' and R? may both be -SO,0H.




N-{ 7-[(3-pyridylamno)sulfonyl]"(2-naphthyl) } ({
- 7-[(3-pyridyl am no)sul fonyl] (2- naphthy I)) am no) carbo xafiN@VEMBER 2003
N-{7-[ (pyrazin-2-yl am no)sul fonyl ] (2-naphthyl)}({ 7-[(pyrazin-2-

yl ami no)wel doeipatks] ( 2- napht hyl ) '} ami no) car boxani de; 25 N
7-1(pyrim din-2-yl ani no) sul fonyl ] (2-naphthyl) } ({ 7- [(pyfFCT[UdS"WMZG“

“yl am no) sul fonyl ] (2- napht hyl )} ani no). igr boxami de; . 4-nethyl phenyl 3-[( (
7-[(N- {7-1({3-[(4- nethyl phenyl)oxystPfonyl]phenyl) am no)sul fonyl]-2 7
NOVEMBER 2003 WO 00/ 71506 PCT/ USQO0/ 14644 22 napht hyl } carbanoyl)am no] -2

napht hy[Prfesably dfi R eadiRi e} BotE e BOSUHIRARRE and RGN ¥lthd-ydkoxy or
7-[({7-[({4-[(4- nethyl phenyl )oxysul fonyl ] phenyl } am no) sul fonyﬁ %

napht. hthY}iT%ﬁnno) car bonyl am no] - 2- napht hyl }
sul f onyl ) ami no] benzenesul f onat €; 7 [({ 7-T (pyrirnidin-2-ylani no)sul fonyl]-2

~ ht hyl b hth I | f d; 4-{

I (DR AR R S oy S50 Tenigh sredoAsH | am no - 10
2-napht hyl’) sul fonyl ] am no}benzenesulfomc acid; nmethyl 4-( { [7- ({N—[7 {
[ 4- (et hoxy capreppably PREMMHA] RM PO ihdprhdamy! )hyai‘og@ﬁ{) 'agm'{ Lftﬁﬁ?@é@% ko,

ani no) - 2- napht hyl | sul fonyl- } ani noj benzoat

[ (4-Bar hxymyqnﬁmd‘g;lu)mm +A0RY u4Nng,ydr -BR2, wharbinheach qanbamaﬁehdegmw%y}hogeu

- 2- napht hyl )sul fon am _no benzoi c acid; 15 neth

(29) - 2- (ﬂw?t [s?¥§t{t'[1 gngr qlhyhy@flo&ghgﬁ@qﬁgﬁ eyl axy?/lower)alkyl substituted

arm no) (500 %Wi S el E RS st B i scare, and

20 (25) iRddgenficht 2 4 o
518 b sl SO i

ani no) - 3ikyd Oﬁymtmqﬁphemwr)ﬂppobanm)cpraﬁqu cangpotthas of thé arveaten tR*cald B?
accept abl e as S}_%%J e stereoisoners or m xtures of stereoisoners.

3
Synt hes & BRiG BEEEER OF P¥HS¥Bf t hese conpounds are outlined in Exanples |
t hrough 10 bel ow. 25 Certain conpounds of the invention may contain one or

more chiral CR®@ufhouhds oSBAHIEASRE forfthlia ﬁta?éﬁ%ﬁz?rlﬁg ?mgle%'?%eal | within the

scope of this invention. The invention conpo i ndi vidually
i sol ated. stereoisoners as well as m xtures of such ' :
Compounds of the invention comprising more than one preferred substituent are

preferred. If one compound comprises more preferred substituents than a second
compound, then the first compound is preferred over the second. For instance,

15 compounds of formula I which have preferred radicals for each substituent R! -through R*
and R" through R" are preferred over those which have preferred radicals for only the_rs
substituents R' through R*.

For example, preferred. compounds of the invention include those of formula III;

RrE

OO ooy

"R HNO2S NHR'®
20 : : Formula 111
wherein R’ and R° are selected from the group consxstmg of hvdrogen and hydroxy; and
each R" is, independently, subsututed aryl or substituted heteroaryl at least one of the
substituents on R' is R': each R? i is, independently, -SO,0R", -C(O)OR", SOZNR13

-C(O)NR”,, triazolyl, tetrazolyl 1soxazolyl, a phosphomc acid residue, or a phosphonate
25  residue; and each R" is, independently, hydrogen or Iower alkyl, -




stereoi soners. WD 00/ 71506 23 . 7 NOVEMBER 2003 PCTI USOQ 14644 The
conpounds of the invention further conprise pharnaceutical | Y NOVREMBER2003
sal t s of wioh/7¢gapounds di scl osed herein. These phar naceut PCBAUSY0/HEsiept abl e
‘salts are ‘suitable for use in all nethods and pharmaceutical conpositions
of the present invention. Pharmaceutigally acceptable salts include salts
whi ch may be fornmed when acidic 5 protons present are capable of reacting
wi th inorganic or grganic bases. Typically the parent conpound is treated
with an d8%pbaanaseutigaliyageapiable salia fisiro! as sibgle sterenisnrasts gemixeessiodnat e or

| koxi d [ ni pg. i Lan.  cat ich'as Na', K+, Ca"
Bnd N SFARke PRAAIORRAPR T GRRR - SPAORnc B el BF et shan o
sal ts. TFheafys heteS@drls oPRRe0SRAIrdlg 1 a%EBfiahent ASHORIARYSE of H%%Qgi ¢ bases,

therefore, include calcium 10 hydroxi de, potassium hydroxide, Sodi um

car bonat e andO%eusxampigsd eringeundsaif the present iavemtidrenpiude drosd ofifirylor gani ¢
baseﬁ, 5 ch as et hanol am ne, di ethanolam ne, triethanolam ne,

N- net hyl gl?ucam' ne, ethanol am ne, and .tronmetham ne. If a compound of the

. invention contains a basicggroup, an acid additiongalt may be prepared.
Acid addition salts of the] conpounds are prepared ijn a standard manner in a

patgn excess of an acid, such
as hydrochloric acid, { ] i (giving the sulfate
and bisulfate salts), ni @ g d the like, and
organic acids syg, AC e 'a NOping 3 cQ ioﬁ acid, pyruvic
acid, oxalic acid, fimlic acid, malorfic adid, succinic acid; maleic acid,
fumaric acid, tartaric acid, citriggngiady benzoic acid, -cinnamc acid,

- mandel i ¢ acid, 20 nethanesul fonic acid, ethanesulfonic acid, salicylic

aci d, pvhskeieRésnd Rénire seaitet] fromdkeguiup caosistinghephydrogen @l Kydroxy; R

cycl opentanepropionjc acid, lactic acid, o-(4-hydroxy benzoyl)henzqgic acid,
1, 2- et hé%%‘&sgﬁ’lt%owicor_ %ﬁf}mtf-d WW&%PW&?\%%FP _m%s%}lepntsb@négﬂ%gﬁ I fonic
aci Pugd gno ni_ hd, _ 1 hg sul f apd gid,.

carrg%or gﬁél]%‘ g{rq\i ?ﬁggl?ﬁ%ﬁ%&é& h§|0§§1|10yc¢gpg%2 %@?2’- eggbﬁ\nga’r f){gkazﬁhflc aci d,
25 gl uctdiepblyhiisoxaeslg], agihessiong: @id eksidue, or a phosphonate residue; and each R®

4, 4" - met hyl enebj s( 3- hydr oxy- 2- napht hoi c)acl 'd, 3- phenyl propionic acid,
tri met hyd: Rdsperdegtly.diydregsnoy lawasafkylaci d, 1 auryl sulfuric acid, gl ucuronic

id, glutamic acid. 3 - 2.napht hoi.c .aci d.._stearic acid. icacid
and i no el BafipdElically, AN Qb IRAI S sRBle o RRERRTS BF WkHER Sbal t o or
ZWi tt er sRRisofneNMVEWRIFDI200Fen NOiPUTEHRE PCHO/ORY, RI644h11A4 ad'[{%%ni gyention

e

i ncl udes pharmaceutical conpositions of all the conpounds of
- 15 the aryl, heteroaryl, or heterocyclyl ring to a substituent such as chloro or hydroxy.

Preferred compounds of the present invention include, but are not limited to, the -:
following compounds: _ o
4-hydroxy-7-{[(5-hydroxy-7-sulfo(2-
naphthyl))aminojcarbonylamino} naphthalene-2-sulfonic acid disodium
20 salt;

3-{[(4-hydroxy-7-{[(5-hydroxy-7-{[(3 -sulfophenyl)amino]-sulfonyl} (2-
naphthyl))amino]carbonylamino}-2-
naphthyl)sulfonyl]amino } benzenesulfonic acid;

2-[6-({ [5-(carboxymethoxy)-?-sulfo(2~naphthyl)]amino}carbonylamino)—B;
25 ' sulfonaphthyloxylacetic acid;

3-bromo-7- {[(6-bromo-5-hydroxy-7-sulfo(2-naphthyl))aminojcarbonylamino}-4-
hydroxynaphthalene-2-sulfonic acid;




. oral adm ni str.at

present invention. These pharnmaceutical conpositions conprise 8\) a
conpound of the invention as an active ingredient and (ii) & NOVEMBER 2003
phar maceutical |y acceptable carrier. Pharnmaceutical conpositions of the
conmpound¥0@8/715ké s i nvention, or. derivatives 5 thereof, PEIASe0A4sR4Ul at ed
as solutions . or lyophilized powlers for parenteral adm nistration.

- Powders may be reconstituted by addi tﬁ(s)n of a suitable diluent or other
pharmaceutically acceptable carrier prior to use. The liquid fornulation is

generally a buffered, isotonic, aqueous sol ution. Exanples of suitable

di | uent s  ar e 4rlb¢wrifopbsay Dmethoxy [ -swdfont 1 Gnsul Bphenyiimesbexyil@- wat er or
buf f ered sodi um or__a {um acetate,salutio 0 Such.fornu] ations are
especi al | y sui tab|?8pf§5§?ﬁ%‘; MRS %ﬂnymﬂf@ﬂ@ﬂ%ﬁi%ﬁ%wdél so be used for

tratjon. It my be desirable to add excipients such as
pol yvi nyl pyr AoPidPHGAd [(Sgerdexrr7-siefbxycel | ul ose, acacia, pol yet hyl ene

gl ycol, mannitol, I | r..sodi itrate,. Alternatively, these
conpounds may be gﬁ@%{gggﬁgﬁggﬁgbt%g%@g?%%nggﬂapj%fgﬂg?é%ﬂﬁoﬂmfﬁl mul si on or
syrup for orgl adm.nis tiqn. Phar eutically 15 acceptable solid or -
liquid carri gf@c‘ﬁ‘%y'g'e{t[éﬁﬁ’@ %'gﬂﬂgi‘e or stabilize the conposition, or
to facilitat ) o o ers includ

O Lacl oot e B RaEEh! oy IR SOMAR) e thd BRI LS 1 1) U

syrup, peanut oil, ve ol ne, alco s and. water. Solid
carriers inc rch, Jactos Ci sul f at di hydrate, terra albs,
magnesi um st gﬁ?&'Eﬁeﬁpxga@%‘}y&)n&%@fﬁ%ﬁ‘Bfé’?%'@aﬂi‘tﬁyﬁ}%Ee%ﬁfboﬁlj‘&{nl%ﬂ]"geI atin.

The carrier may. alhg@roxpeigiiiRalénsbah@bdi€dciael ease material such as 20
gl yceryl nonostearate or glyceryl distearate, alone or with a wax. The

amount of soll L I t rabl il |, be,bet n about 20
my to about- f'[geﬂﬁ%gcéﬁ’géﬁg%ﬁlnh%? ﬁy%@%ﬁ%& C(faé%qnly ygfet C;xgg,-?fsgﬁ? is are nade
fol 1®wi ng the convepiithPNpmine AR RNiIAS naPRRLIRRE? -dulMsgicciy M | 1 ng,

m xi ng, granul ati on, and conpressing, when necessary, for tablet fornms; or
mlling, mxgg. iy 490 r rl ' ule forms. Wien a liquid
25 carrier i?qgssg@?{?gb%ﬂr’)ggé{[gﬁug% ﬁ?gﬂﬁ@r@]&@?@e formof a syrup, elixir,
enmul sion or an’ aquapiihgl)amine)tasshngusins mapiethalens2-sulfohicacld; qui d -

formul ation nmay be administered directly p.o. or filled into a soft

gel atin capsylidré&dy-A(olafols- Smpggﬁo §3Ls, typical pharmaceutical
conpositions may contain fromO0O.1 to 95% of active ingredient, nore
preferably 1 to 8@ephtB@)Borieo pdwinflamiexmaphthsiend-2suifbaiklaeidphar maceut i cal .
conpositions are described in Exanple 25 bel ow. WD 00/71506 25 7 NOVEMBER
20085 PCT/ USBO(51éfttdx Ly phibfamboyl(2 shaphay HeE Uy dio) -xwmaﬁry'lhon of the present
~invention V\DSIO{JI lgsgﬁ. p%ckaged |yrg a gon?glﬁgerywi tk_ a | abe _(i ndi cating use of
t he phar nmaceut i cahaplshyldsminglgatbexahiset r eat nent of hypergl ycenia, type |

di abetes, and type |1 diabetes, or a conbination of any of these disease
condi ti ons. &drydearyds-{[(arhydeoxy-D{{(3Fatfobbalylpmitbibulfaiyty@d prior 5 to a
meal to control excessive elevated glucose in type Il diabetics for a

period of tinme paphthyl))amino]carbonylamino}naphthalcpe-Z-sulfonic acid;
_ methy] 3-({[4-hydroxy-7-({[5-hydroxy-7-({[3-
20 B (methoxycarbonyl)phenyl]amino } sulfonyl)(2-
naphthyl)]ammo}carbonyiamino)—2-naphthyl]sulfonyI}amino)benzoate;
3-{[(7-{[(7-{[(3 -carbox-yphenyl)amino]sulfonyl}eS-hydrdxy(Z-
naphthYI))éInino]carbonylamino}—4—hydroxy-2-
naphthyl)sulfonyl}amino}benzoic acid;
25 4-{[(7-{[(7-{[(4-carboxyphenyl)amino]sulfonyl}-5-hydroxy(2-
: naphtﬁyl))amino]carbo_nylamino}-34-hydroxy-2-
naphthyl)sﬁlfonyl]amino} benzoic acid;




following the meal. Alternatively, the conpounds can be adm_histered to_ a
diabetic to normalize excessively el evat ed gl ucose-| evel s dsNWVEMBER 2003
" gl ucose WeKtTd06ng device. Finally, i s known that thePUBUBEHEII anount
“of residual circulating insulin,found in type | diabetics is used by the
body to prevent severe |lipolysis and 4jhe resulting keto 10 aci dosis. These
. compounds can be used to prophylactically agai nst ket'oaci dosis in type |

et oaci dosi s B Fiedf 7ol INEC BB Ao BRI o aleerioe)-3f bl ood
sugar, but for |nma?h&kggilﬁéﬂﬁﬁﬁﬁkﬁedfb%%@ s |n type | dirabetics who do

“not have ready acce ’hods of use of the Conpounds of

the Present |nv th esent invention have been

found to sti n‘ﬂ? ?]y' ?Q‘*thég‘r?&gpﬁ@ﬁ}@w%?ﬁyo? (E %6 insulin receptor (Exanple 1

I and 12, bel ow). ?bérb(gﬂl)gh&{WEﬁl @}{ggﬁy ﬁFhave been shown to enhance
transport o

cinsulin's ability to effect th ucose into cul tured

fibréblast cells (xﬁphﬂnpl)}}:aﬂﬁmoph}lanm)o)-zrh@mmmlfodﬂ}dﬂﬁlﬁ@)tﬁnﬁ:@ate :been shown
to lower blood glucose levels. in db/db mce in an insulin independent.

manner (Fi gur@sydoapd-(9s- }Eﬁﬁ%ﬁ?Lﬁ(ﬁ[Zq(nﬁﬂﬂﬂ&@mﬁéﬂylﬁh@ﬁﬁﬂ mﬁ@?sulfxgﬁ)@b' L ty of

the conpounds of this invention to stimulate autophosphoryl ati
i nsulin receptor amughthpl)amimjicatbenylaminginapbehaléneg-addwec acitlp cel | s Whl ch is
denonstrated in the specific exanples 11-24 below, indicates their

usef ul ness i r7-{[{®s@bo-LimaphthpiMmiacitartonaBeiBofnaphthalebe-2chusfonictdidli abet es.
Wt hout intending to be bound by any theory, 1t is believed that the

conpounds of £ lye7j{ e et MnFASimMb[safbhp} @1 the kinase function of the
insulin receptor. and do not” necessaril’y conpete with insulin for binding

at ﬂﬂe i nsul i n-bi mapht@ylémnmo]cax’umnylamxmd’}emphmﬁkne-zmulﬁomtacm of the receptor
by a nmechanirsm simlar to that exhibited by insulin. Thus, they are able

directly to ae§ (THp3 kulfastien 190 fsuil foRIG SRAHY A @rbabifd ggﬁﬁgg Late the
effect of i I’ISU|[I(7I’/I-EHI?-O agtl va?%ﬁ' jAgmﬂkl %‘(ge '?lgnctl on %% 7 NO\)/( I\/BER}2003 VO

00/ 71506 PCT/ US04/ 2taaphthyDsulfons|leminy benzenesubieoisseaky| at i ng exogenous
substrates and to effect the increased uptake of glucose by adi pocytes and

i nsul i'n recephahylBgl7- (1{17{(eﬂ3L(maﬂmxgenb«mjl);ﬂl&dylﬂﬂnin@mﬁﬂfobmém gl ucose in
di abetic subjects. Accordi ngl y,. by virtue of the activities of the

conpounds of  t he TRRRYERYIBIR0} darkapy kming)s2 wapkthy Ysulfonyr liemieo benzorienas e

activity of an insulin receptor, to 5 enhance the activation of the insulin
recéptor by i3RE-{IN-(T- ({)[(émhdmsn)hehgl)mnmnﬂﬂuﬁmpld-fby insulin of cellular

gl ucose uptake, and 1 tinmulate th pt Iu ose in diabetic
subjects. Thus, tF&PRe WE‘@EF?G‘%OYME} ﬁjl“ﬁslé‘ﬁl’ﬁﬁﬂ ogy Hamunep Benzok: ackb t r eat nent
of hyperglycenia and diabetes in nmammuals. One aspect of the invention is

directed to A-wédtrbemdamiposfprrli@paphiéyki Gdsképhenglaagne)silfgnyd(2+ he i nsul i n

receptor. This met hol?)ochl 1oeésI cont@ctl ng the insulin receptor, or the
ki nase portion t h&FRSHY B 5 88 Md of the invention in an amount

sufficient t?\l
_ -(7-{ [(3-sulfamoylphenyl)anuno]sulfonyl} (2-naphthy)[(7-{[(3-
20 ' ‘sulfamoylphenyl)amino]sulfonyl} (2-naphthyl))aminojcarboxamide;
N-{7-[(3-pyridylamino)sulfonyl](2-naphthy})} ({7-[(3 -pyri_dyiamino)sulfonﬂ] (2-
- naphthyl) }amino)carboxamide;
N- {_7—[(pyrqzin~2-y1amino)sulfony1](2—naphthy1)}('{ 7-{(pyrazin-2-
ylamino)sulfonyl}(2-naphthyl) }amino)carboxamide;
25 N-{7- f(pyrirnidin—2-ylamino)sulfonyl](2—naphthyl)} ({7-[(pyrimidin-2-
ylamino)sulfonyl](2-naphthyl)} amino)carboxamide;

4-methylphenyl 3-[({7-[(N-{7-[({3-[(4-
" methylphenyl)oxysulfonyljphenyl}amino)sulfonyl]-2-




stinmul ate the kinase activity of the insulin receptor. By stinulating. the
ki nase activity of .the insulin receptor, both aut ophosphorWHQV(ﬁMB%R/@QW
as the phosphoryl ation of exogenous substrates is enhanced. The

sti mul a™OoH/7d$06t he ki nase activity of the insulin 15 receRffPSHays4dccur
either in vivo or in vitro. The nethod of stinulating the kinase- activity
of the insulin receptor may optional I45 further conprise also contacting
the. insulin receptor with insulin. e conpounds. of the invention have

%
been denonstrated t xhi bjt stimulatfqry .activity at the insulin receptor
wi th subsequent I_B@é}tﬁﬂgc L%PY%@&P&'&Q gl ucose levels for 20 a potenti al
t herapeutic effech%éﬂslhﬂ:zgﬁﬁ&?%hlhjroﬁﬁ&&mélu oh:ﬁ?:-l y, other conpounds which

show the sane effe e-1’‘nsu receptor and, thus, on circul ating

gl ucose have " t otent | q be useful for the treatnment of diabetes

di seases. _Th%'%%}ﬂﬁahﬁyé 46%({31?&@&(%%( in this patent can be used as a nodel
t o discover ot hernwﬁgﬁ Nk he. M, receptor and thereby
| ower circulating le el-s gpa}é}fucolslgﬁ#}h&gll}gg@??)gﬁg%{w&lts. The 25 steps in a
procgess in whi ch nhgsigkylagaiHccaebshydenito]2i zed to di scover new insulin
receptor agonists/actjvators and_glucose-lowering therapeutic agents may be
achi eved by the haphthyl} sdforyheminnibenzenesulfagatte utilized to validate,
optim ze, and standardi ze assays necessary for the discovery of other
‘conpounds t ha{{{73pirimAit2vdemirst)sulfongt}e2-t he cyt opl asm ¢ ki nase donmi n of
the insulin receptor inase_or_the insulin receptor_kinase; 7 NOVEVMBER
2003 WO 00/7150611@1@#}’1{)%%7@):@1@0 rrpinoaphiiateae2riuberistasidhe i nsul in
receptor; 3. Stinulate &I ucose uptake in to.cells and tissues; 4. Lower

ci rcul ati ng #H{lToHN-(%{iét-sulfephenshaminolsifonyBwnapithylidagidmygmirmise | evel s
in.humans; 5 6. Ipghibit lipalysis.in cells gpd.tissues; 7. Inhibit
Iip@ ysis in mmgT@Phﬁqﬁbé‘@?%é é)%ﬁ?%@%ﬁ f’l“?@ed as a bench mark to

di scover conpounds that show i nproved activity in assays that: 1.

Act i vat e/ st i Fgt &-({ e(ABpi [4dmethaxy prrbenylipheay aramot iwéfonyl-i n r ecept or
10 ki nase or the | hreceptor kKingse:, 2.-Actki vate/l.stimul ate the insulin
receptor; 3. Sti nﬁ?‘%ﬁ%ﬂ&aﬁ%’&%lgaﬁ?lgﬁg'al'r}?pp%ygélﬁfoé]yg}r?&“??)bgﬁé’ét,m 4. Lower
circulatin | ucose levels in mgnmmals; . 5. Lower_circulatin | ucose |l evel s
in huma_ns;_g13-{&%-f%{%\i_'ﬁ%‘*ﬁﬁrﬁaﬁggh@y{)ﬁme@%@%ﬁ-%1 ssues; 7. Inhibit
lipolysis in mammglS,hylycarbamoyljamine }-2-naphthyl)sulfonyl]amino }benzoic acid:

i5 methyl (28)-2-({[7-( {N-[7-( {I(18)-2-(4-hydroxyphenyl)-1-
(methoxycarbonyethyljamino} sulfonyl)(2-
naphthyl)]carbamoyl} amino)(Z—naphthyl)]suifonyl }amino)-3-(4-
hydroxyphenyl)propanoate; and

o (28)-2-(4[7-UN-[7-({[(1S)-1-carboxy-2-(4- | |
20 S hydroxyphényl)ethyl]amino}sulfonyl)(2-,naphthyl‘)]carbamoyl}amino)(2—
naphthyl)Jsulfonyl} amino)-3-(4-hydroxyphenyl)propanoic acid;

and their pharmaceutically acceptable salts, as single stereoisomers or mixtures of
stereoisomers. Syntheses and descriptions of these compounds are outlined in Examples

I through 10 below.
25 Certain compounds of the invention may contain one or more chiral cénters. In
such cases, all stefeoisomers also fall withih the scope of this invention. The invention
- compounds include the iﬁdividually isolated stereoisomers as well as ﬁixﬁres of such

stereoisomers.




Conmbi ned with algorithnms that conpare structures or chem cal properties
and/or match structures or chenmical properties within Ii br—gr'ﬁeé})ﬁl\qBEé’szom
conmpound¥O 4Hd8% conmpounds can be utilized to discover cEEFAIMMeb6Hhat
“display activity in bioassays that: 20 1. Activate/stinulate the B
cytopl-asm c ki nase domai n of the insulbin receptor "kinase or the insulin
receptor kinase; 2. Activate/stimulate the insulin receptor; 3. Stinulate

gl ucose uptake, in to cells.and tissues;. 4. Lower circulating glucose -
Pevel s i n' kit SoBeSEl' Gt RBrinke A Bihet com B soRrEeTBer AdesaBs . 6.

I nhi bit daitpIFYisE ol ; S SkLe S Lnhi bLt.: | hpo .S, 0 mamual s.
. Conbi ned wit EYtglle Z:SH%OEEW(? ta ﬁg{&g%%rlrl%%#‘gsg%ergﬁg% %?%%E%tﬁ(?}]grécé%qt@e §‘?1F5u%r?ur es

for the sugeblpderussfinatidedthody axdl phatthadeutic] e6RBb4i06HE, oftRESBsHPIREMIS can be
utilized.to discover 30 conpounds that display activity in bioassays that:
1. Activate/ ZI-L’II? nul at e, the cytopl asm ¢ ki nase domain of the insulin receptor

ki nase or th %E’&FWC?J&%%PBWBIG 3k encludeNalEwbich po0s fponed Miasasdies 2.
Act i gat ' e..l | i P i mul at e gl ucose .upfake in to
cel I\g aﬁgéﬂns utgsgss?t Eﬂ%.ca?g%rd%eégﬁ%g%dpéféﬁﬁ%oosfeor?aé'{}%lggseish FRiff Ge 5.
Lover —cipaet abim@ugd US atetel evith Sini dkcBisrdMa: alkBlind Abi sldhPR! Mkrsibd) cell's
and tissues; 7. Inhibit lipolysis in mamuals. PCT/US00/ 14644 "Radi odcti ve
conmpoundérismatenprsalkpide ntontziningean  apmopriate] cattpro Satidhs behes, Noe EAuEs” t her e
is a de A0 the number of insulin receptors . i'n patients with type I
di abet e?’gﬁﬁi&ﬂ ee%ar‘{nﬂﬁs Bgf?té%s§r8§e§ 1na1§}faﬁﬁ‘g‘f:ﬁ”89ﬂ1yaﬁg??t€b1?i5§1&5- TB@IN# s such
as Syndronee despéeidllyTRIseful  iAzeLRabl ORSYeahR! !b%’ég,d ﬂ%ef%f‘e?cﬁﬁgﬁxge g tissue
sarTEI e to these radioactive conpounds can yie a nmeasure of the rnéceptor
couhf f dwydraxéddsipmpasyiumi bydmexida, [sodiure cabomite dadSbilim hodiokideapaitshery be used
to di agngﬁs(?e di abet es or .pre-di apetes in the patient. Radioactive conpounds
have a I%6Wg B STEPAedhs UsiRg PREantfe et ovdy a5f cthapolaming . dietlmndlaminrorpounds
cl ai med ¢ i t R e fLEPL asi'ly radiol abel |l ed
and car? lfoﬂel&ums%gmt%b |§%gi%]$@§? éep3 %nagl\?v ageéﬁ?édpﬁglt%%ggﬁec)n the insulin
.receptor and thereby |lower circulating |levels of glucose in diabetic
patients.. THEapoopessd bfithefineintidnesataimgebisic G@p & atid hidigth b Mhycover
new i ns;l in receptor oni sts/activators and glucose- |owering therapeutic

a
agents &F@THE D ﬁ%&dd?w} Faidid e FRrEPQBAp BleRISPASTd N Sanslardmanrcain de
utl ks zedyipy %lbglﬂtfﬁ)‘m ﬁfétﬂa%rﬁ%bm%ggnd and an excess of an acid, such as hydrochloric

é.cid, hydrobromic acid, sulfuric acid (giving the sulfate and bisuifate salts}, nitric édid,

phosphoric acid and the like, and organic acids such as acetic acid, propionic acid, .
glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic acid, succinic acid, maleic -
acid, fumaric acid, tartaric acid, citric-acid, benzoic acid, cinnamic acid, mandelic acid,

20 methanesulfonic -acid,. ethanesulfonic acid, salicylic acid, p-toluenesulfonic acid,
hexanoic acid, heptanoic acid, cyclopentanepropionic” acid, lacticlacid; 0-(4-hydroxy-
benzoyl)benzqic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, p-chlorobenzenesulfonic acid, 2-naphthalenesulfonic  acid,
camphorsulfonic acid, 4-methy 1—5icyclo[2.2.2.]oci_:—2 -ene-1-carboxylic acid,

25  glucoheptonic acid, gluconic acid, 4,4’-met}iylenebi3(3-hydroxy-2-naphthoic)acid, 3-

- phenylpropionic acid, trimethylacetic = acid, t-butylacetic acid, laurylsulfuric acid,
glucuronic acid, glutamic acid, 3-hydroxy-2-naphthoic acid, stearic acid, muconic acid
and the like.

Certain of the compounds of the invention form inner salts or zwitterions.




standardi ze bi oassays used for discovery of other conpounds that: i .
Activate/stinulate the cytopl asnic kinase domain of the i nsul NOVENBER:2003
‘kinase or the insulin receptor kinase; 2. Activate/stinmulate the insulin
“recept oWO @16 Stinul ate glucose uptake in to cells and ROTEEI08446444,. Lower
circulating glucose levels in marmals; - 5. Lower circul ating glucose |evels
in humans; 6. Inhibit lipolysis in cells and tissues; 7. Inhibit lipolysis
i n manmmal s. 30 Radi oactive conpounds of this patent can be utilized as- a
bench mark tg discover, conmpounds that show inproved activity in bioassays

_that: WO 00/ Yisgwyenybory inglydes prarmpoericabeoppostons 4644 the comppyndseyfahe mul at e

the cyt ) J na | A insulin receptey kinase.or. fthe
noul | PRl st s AR Rlcnl dPupBiibal' o FREN flaSPREedEcks o

- Stimul afn@etidiCRSR a¢lvekrddiert and A SplaRdadeuisaiBSicceftable @WRlerCi rcul ating
gl ucose levels in mamuals; 5. Lower circulating glucose levels in humans;
6. Inhibit lipolysis in cells and tissues; 7. Inhibit lipolysis in _
manmal s; 10 Pﬁa@@mm@al esrhpasitianstofghe compoundsfithis, invémionnsukemvativeept or i s

“acti ted b t the i in t yoqe th [ ti
 Chereol BEREN SR Gt dRLERT ¢ Fo SOIOBR . Moy LIEFL ROSKERS (oY | BERER o
act i vat £irhiABaisy! PRvdLS ﬁﬁ@q{e-m(—f&}%ﬁ{'@fcglﬁ%%gdiﬁ@ﬁ le:ansuli{aSﬁe@L&Et BB¥ther

optionally be on the surfaCe of a ce a mama n such a case, the

. cont act plagmaeeeicilc heakpbapleachtiod stiar iongset Mae diyupd dothulsformispieaermiyeat | cal

conpositign 15 thereof, to the mammal. Optionally, the nmethod may further

conpri s@fg‘é?ﬁsa}é‘iq)%s pRHEORS SQNiPn. r eramley Of/\ﬁltlwbl%gléﬂqnﬁﬁ anerpormah isctrmat i ve
nmbodi ' N ' ] to.- stinml .th

ot ake aineshfifof WRURES e e (BBl ob Bbcribrm SR Fhffieret nod

conpr i sRechclnhaktibngatel@pesdllyssuliabl for paeRRH) ddafinthidn) ban bl hlsPps i onal Iy
‘in the 20 presence of .insulin, and in-an anount sufficient to stinulate the
upt ake wedgifercoxd iadmgniseatione eltl snayTrs tdgsigadle dtoc eddds eneipianpt i bl by be in

U R R TR N R

Corpes kA iR Aoy ALl 1 5 SR MUY,
' recept aebletddeorcprepared 25 aaremution o sptupcloe drali ddmiaisagenn Bharmacdutioally
15 acceptable solid or liquid carriers may be added to enhance or stabilize the composition,
| or to fécilitate preparation of the composition. Liquid carriers include syrup, peanut oil,
olive oil, glycerin, saline, alcohols and . water. Solid carriers include starch, lactose,

calcium sulfate, dihydraté,- terra alba, magnesium stearate or stearic acid, talc, pectin, .

acacia, agar or gelatin. The carrier may aiso include a sustained releaée material such as
20 rglyceryl‘ monostearate or glyceryl distearate, alone or with a wax. The amount of solid
carrier varies but, preferably, will be between about 20 mg to about 1 g per dosage unit.

o The pharmaceutical pfeparations are made following the conventional fechhiques of
pharmacy involving milling, mixing, granulation, and compressing, when necessary, for
tablet forms; or milling, mixihg and filling for hard gelatin capsule forms. When a liquid

25  carrier is use, the preparation will be in the form of a syrup, elixir, emulsion or an
aqueous or non-aqueous suspension. Such a liquid formulaﬁon may be administered
directly p.o. or filled into a soft gelatin capsule. On a percent Ey weight basis, typical
pharmaceutical compositions may contain from 0.1 to 95% of active ingredient, more

- preferably 1 to 80%.

30 Some specific examples of suitable pharmaceutical compositions are described in

Example 25 below. -




A nmethod of treating hyperglycema in a mammal, preferably a human, is al so
contenpl-ated by the present invention., The nethods conpri sdsNOYHEMBER200}
a therapowoiitsakly ef fective anount of a conpound of thi sPATUSINIHEGR, Or a
“pharmaceutical conposition thereof, to a mammal. Optionally, the method
may further conprise treating 30 the mmal with one or nore additional
forms of therapy or treatnent for 7 EMBER 2003 WO 00/ 71506 30

- PCTI USOQ 14644 hyperglycem a. For instance, one nethod may conprise

adni ni st er i ng Y®i8YEn8usharmaeduiipal cempositioraefrdhe | pressatiiinvestion owotid bonpound
of the invention, Alternatively,.the conmpoupds of the j.nyention may be

admi i SEETERS 5t AR BRI ot A FaROR i R ikl SPPRSRRGE for ot her
al t er natthe/RedimBAt STy pedOfceMYD OF R NGB R, anld§pt A AhbAEDYPL cOibinhiGn of

conbi nati on of drugs adm nistered to the mamml nust be a therapeutically
ef f ect i wBy ofihhpse tiseadetdondigions. h€oapoumtsscan foegaophyddctichity adinwitetediprids ugs nmay
by thensel ves be -subqgptinal for therapeutic pyrposes. A very dangerous ‘
si de? ef fRBMGH 19 RRAER] FEATSSIVE S15vaTEd Aluqase df FYrPciLﬁ;diai’%‘Fﬁ 1or jarRetiod of time

hypogl y¢gigni he | r 0SHik: at h, . This problem
can 10 becorrtr'-:lg/lcﬁlf?F{é3 éegg%@%{ﬁa%i %gé‘? I @H%g{gir%ﬁtﬂs% %%m ge{r/%ngopé gha[??{é]%l?oct abl e

r espons esmhalienxtdssivelyrelhawa diyqase levalsiaableasured By ghwebscombfitdraly 9@l ucose.

- For these patients, the co- adm nistration of these conpounds wth :
. sub- t heFapsdiyt itds doews that theyery ymall pnowtrfresidual idiwsulasing iiksulintfpundat t.he
di abet i i -wi.l | over-dose, on insulin and suffer fromthe severe
conseqygyﬂ%zifs_dlggéthcsdg u&%ci/rﬁ).' élhqu?fg'a ORPrENTR SEVLED 85’ﬁ’(§sa“§p géfsullt&}lg_o Phcapabl e
15 ph | BeidesiHITHYRRENYEAIsRah Be Ub&1 B RSRIIRSA1ALS PEeteécia&gs%' el [‘ey

I spfay true

appear to increase the effectiveness of insulin, but do not

i nsul i npatigmgt iAxdmeihfstetion bf Kese hyppolnyds evild. prvids eclidoom kadsaaidesis tvis,
effective [.nsulin saf.eners. In one epbgg%gnt of t-h(ta i hvention, the '
conpound¥UHR SFRERT FBVIHEaf ot {feconfrol o 1159€% |bub Forpimmbitionraf sever hod
compr SBoRUlA bk didtias WACHSREHEE Aday (ldefd dnlin, 20 amount of a
conpound” of this invention, or a pharmacéutical conposition thereof, to
the. manrmal. In a preferred enbodi nent, the mammal is a hunman. The net hod

of treating type | diabetes may optionally further conprise tréating the
manpal wi it h-gne o re .addjtional therapies or treatments for type |

di gggt ek Fo&‘?‘h‘é‘{sé{{g‘éﬁ’ Oftﬁc&?@F@Hﬁ%?fr%‘ﬁ?reé?mtlﬂ\éﬂ“ﬁ‘ﬁ?hod of treating type |
di abetes, a conpound of the invention and insulin may both 25 be

adm ni st er ed o dolfdd T8 Bhe atj uel hie aglditi rm. of ..t r eat nent
for .type | di a@tes whi ch Fs'%g%%%f]nteda'\él\?\n&%(% adm ni strat?lﬂgan f([) lg“t“léwrrpound
of the amephisphocytmivn dfetharinsulini @dtegiet (Bxaagbnl | ainder2, theisw)l 1s Wdilionr
another alternative formof treatnment for type | diabetes. Again, the

total athssheompounds havmbrarathown tefenhance dpahiats abiliydntetfectibtaitranspaet efi 't 0 t he
manmmal b er ut.ical | fecti uRnt - al t hough, t.he 30 anmounts
of eac hglé@ E’%ehlg’t'(?ﬁ%ll VF%%FOE’A?SS%M "%‘@"Eﬁ@z %ﬁ?’l‘vﬁ'aph? SPWﬂg?dépl@XFi Shur poses
if 20 - been shown to lower blood glucose levels in db/db mice in an insulin independent .

manner (Figures 8 and 9, Example 17; Figure 11, Example 19).

The ability of the compounds of this invention to stimulate autophosphorylation
of the insulin receptor and to stimulate the uptake of glucose into cells which is
demonstrated in the specific examples 11-24 below, indicates their usefulness in the

25  treatment and management of subj_ecis with ciiabetes. Without intending to be bound by
any theory, it is believed that the compounds of the invention act directly on the kinase
function of the insulin receptor and do not necessaﬁly compete with insulin for binding
at the insulin-binding site, nor do they effect activation of the receptor By a ﬁechanism
similar to that exhibited by insulin. Thus, they are able directly to activate the kinasé to

30  autophosphorylate, to potentiate the effect of insulin, to activate the kinase function of




t hose drugs were to be delivered alone to the manmmal with type | diabetes.

7 NOVEMBER 2003 WD 00/ 71506 PCT/ US00/ 14644 31 |n anot her erYIHSQVrEéABEBfZQQ{'e

i nvention, -the conpounds of the invention are used to treat type I

di abet e¥V@ #/H5¢panmal . This net hod conprises admni ni st eri ngPaT/US00/14644

t herapeutically effective anbunt of a conpound of this invention, or a

phar maceutical conposition thereof, 4 the mammal. Again, the. preferred

subject is a human. 5 Again, like the other treatnment nethods of the .
further cong)ri se treating the mammal w th one

: fon o hog Jai " -
o V_rerg;le nd&??ﬁt%n%e 15%0319#%"%1118 IFEPERPUF SROSRRS and loqsiEskihesinorsate uptake
adm ni Sbféfu@&e:%ﬁﬁibweg aﬂlﬁ(?n_{lﬁiméegaﬁjlgeaakiﬁgwgp?id erflh :%&Eoe%&e‘r’bfo%

manmal - -1 n¥an a chTs erap ective en usedin
conj uncgluedsantdiatietic GaBRENY c&rdinBB, ibpueithd ONthe Hatisitieh 6f BRWHpSMdsY6r
effective anount of insulin when used in 10 conbination with a conpound of

t he i nvétinyentipay they mhasslke viedriotstimudate dre kinase aetiyity of andimsshinwengpir, e

t herapeutically effective.if.delivered to the. mammal alqpe. .1t i.s

undes ot BBRERAe SSFt B HiF OGP Ra ST an SPhehy BG FUPHEISR b mrent

~of the DIGRRNIF cellOMENERR: TRValR! i o %m&tb%@%ﬂm gdddrial digfpce or
be reconbinant. I'n addition, an 1nsulin anal og y be Substitute or :

i nsul i nsubjeany This,t e tomapbumist of ofhid Heventieseate ui&ful Nuetiei oRatnddae off the

conpounds of the invention for treating type Il diabetes by conbination

t her apyhmglé(F%’BJa@élﬁlﬂ“ibﬁestlﬁ@%ﬁﬁlﬁi stration of the conpound of the

invention to the mammal in conbination with a non-insulin, antidiabetic

agent or othey .t NBhe fi el ke éyct?ib jNsi.al . o

anti di abet i c@i&?ua{ggﬁ\?\%i ch ieslﬁge m%% l'aégt(!ielfe tg)t g%ettﬁﬁae dnfxggm]&?nr% %lgﬁgflaﬁq'ﬁti on -

wi t 10 ' aacoAnaMBe dfsulif e:cepro Thio hmetiyd apbpriseskcbitatigngatht Misalin |rédéhﬂ6?,d:ir0n6,

such as troglitazone, or a sul phonylurea. The total anmount of the

conbi nathednee perieys theraphewith greasmenrmyed id the inventenin A ameunbsufBeipmrto

antidiabetic dru admnjstered to the mampal for,_the treatnment .of type Il

i abet oS Gt< e Hpasf REMALE TR e Prabrenty B SRt bt (HBRERCIAE oo

. of eachupf ifdufini PREMLE UBSthd bli@PhdsphbsRstidm) akhﬂeﬂoﬂ?'tﬁétﬁ}@g%ﬁd?ﬁﬁﬁ&y Jray be

subopti mal for therapeutic purposés if that drug were to be delivered

al one t exegdeaowasntairates ihenhapeed. I Tt sthetlegon Dhdéhe bimasiactsvigf oft the dnsubivent i on

are,t hus used to enhang . ucose uptake i pat|ents which require such

t r eat mefRCCPPR &R PHIY %‘?‘e’?ﬁéé‘f‘f?eﬂf U JHBR- gE% I’E“ﬁb"g é’grﬁtlm ijng thgrkinase
par ent e : RY; f L663406 fHRPd e npound
- 30 of thgtk“lllﬁﬂvgﬁ?& o%ﬁ%be?‘é%} 1Iagl/11 agi ég‘g‘?‘?gg In appogfpﬁg%e%{bl gawcég]gr%g'r. -
- Dosage izulifi ré@kpiohevith iN¥nVBER 2003 WO 00/ 71506 PCT/ USO0/ 14644 32 active

ingredient are generally selected fromthe range of 0.01 to 1000 ny/ kg,

preferably 0.01 to 100 ng/ kg and nore preferably 0.1 to 50 ng/ kg, -but wll
be readily ddherchmpednds of the mvention have been demonstrated to exhibit shmulatory

activity at the insulin receptor with subs,equentAl_owering of circulating glucose levels for

20 a potential therapeutic effect in diabetes illness. Similarly, other compounds which show

the same effects on the insulin receptor and, thus, on circulating ghicose havé “the

potential to be useful for the treatment of diabetes diseases. The compounds claimed

within this patent can be used as a model to discover other new agents that act on the

insulin receptor and theréby lower circulating levels of glucose in diabetic patients. The

25 steps in a process in which these agents can be utilized to discover new insulin receptor
agbnists/activators and glucoSé-lowering therapeutic agents may be achieved by the .-

. following. The compounds may be utilized to validate, optimize, and standardize assays

necessary for the discovery of other compounds that:

1. Activate/stimulate the cytoplasmic kinase domain of the insulin receptor

- 30 ' kinase or the insulin receptor kinase;




by one skilled in the art depending upon the route of adm nistration, age
“and condition of the patient. The conpounds of the inventi drfNOVEMBER 2003
pr ef er abWp \I$06i stered in a dosage unit of | to 10 ny/ kCT/OSeBRI6dOSage
“units may be administered one to ten tines daily for acute or chronic

di sease. No unaccept abl e toxi col ogi cahyeffects are expected when conpounds
of the invention are adm nistered in accordance wth the present ‘
invention. The invention compounds. may be adm ni stered by any route
suitable to the#cHyaE 3te Hhs; Ingiliny 88RO and the nature of the subject's

condi ti on. Royit &% 0flo@dplBLe{s: d o cBfi Mifiss Bl AT ot L Coneal

adm ni stration by 1 njecCtion, ‘nc | ntravenobus, . intraperitoneal,

“intranuscul ar4. @Uatkes geunlh usogené@qgjnqamatgy t ransnmucosal or
transdernmal delivery, through topical applications, nasal spray,

supposi t ory ahdLomesr cirqdating glpegsebevedslim vinginer ed oral | y.  Fornul ati ons may
.opti gnal |y be‘5 I h&ogﬁﬁal fnr.rrul1 tions,. 15 enul sions, formulations designed
to adnini st er®-t REUE figoksisdace B nbr anes or transder mal |

fornul ati ons.7 SgiigRigofyeishalilns for each of these nethods of
adm ni stration may be found, for exanple, in Rem ngton's Pharmaceutical

Sci encesThebacesipoentist ¢amnbe MilikedPab ki tehtin gndth np aliyeovirasingumPAthal/Bhdods,
uses, activities, admhistration,' and pharnmaceutical conpositions 20
del i neat BETRHSASHYIEF I 3582%5dR#Bounds of the invention are preferred for those

Tl 0strate trye cRVaRemlde, d ARl OB Wi I B3 LR A Bl i ¢

thelfcope of thkﬁai;mmem&iimﬁnbwepﬁﬁgi@g@,vi ded to show how to 25 nake and-.
use the conpounds of this_ invention. The conpounds of fornula I may be °
prepar ed. by: i Achivatestpiuésethgringdini raeapderol ecul ar condensation of a

corpours of o Ly 0L AR08 GRenSul g, 7120 A1 100 (0 X
' 4. Lower circulating glucose levels in mammals; _ ,
5. Lower circulating glucose levels in humans;
15 - 6. Inhibit 1ipo_1y§is in cells and tissues;
7. Tnhibit lipolysis in mammals.
Combined with algorithms that compa}e structures or chemical properties and/or match
' étrucrureé or chemical properties within libraﬁes ofr test conipomids, thesé'compounds
can be utilized to discover compounds that display activity in biloassays that: |
20 1. Activate/stimulate the cytoplasmic kinase domain of the insulin receptor '
kinase or the insul‘in receptor kinase; |
Activate/stimulé.te the insulin recepior;
Stimulate qucbse uptake 1n to cells and tissues;
Lower circulating glucose levels in mammals; |

25

Lower circulating glucose levels in humans;

O

Inhibit lipolysis in cells and tissues;
7. Inhibit lipolysis in mammals.
Combined with algorithms that compare structures and/or match structures for the
purpose of modeling molecular interactions, these compounds can be utilized to discover
30 compounds that display activity in bioassays that:
1. Activate/stimulate the cytoplasmic kinase domain of the insulin receptor

kinase or the insulin receptor kinase;




7 NOVEMBER 2003 PCT/ USQOQ 14644 or the addition of the conmpound of Formula
A to the conmpound of Formula B, wherein the amino groups off NOMRMBERMY
- Bare optionally in a protected form with an activated bifuncti onal
r eagent widhed71peevi des the group K=C-, where K has the allwEUSmAanég;
wherein R, R2, R3, R4, R5, R6, x, and Y are defined according to the first
aspect. of the Summary of the Inventi% X may be R3 or R4, 10 and WZ may
be S=C= or O=C=, or Wand Z nay be R7or R4; to forma linker between the
coirpound of -Formula A and the conpound of Fornula B; (ii) chem cal
-el aboration &f dsévaty/stmplatethpinsntinessestoR , R2, R5, and R6 or Y, wherein
said substityent.is convertible into another substituent; 15 (iii) )
i nt rroductiongofétgnglﬁges@?lf?fgﬁlp ,m%f,e Fz%?gﬁf‘ﬁﬂ‘e% or Y into one or both of
the napht halg,_engmr,émﬁla@n%)gl&%ggQ:;,glgtiﬁngimﬁﬂg; el aboration of the linker to
~convert said linker into ancther linker; (vi) salt formation or _
i nt er conver sbonk.o@ér discuizting gheosdiedeloliybumanst viii) |i beration of a free

aci d or base of_a conpound of claiml; or (iXx) stereoisoner separation or
synthesi s. 7 NORREERIYHSIngolloeng 15wWes;34 PCT/ US00/ 14644 Details are’

apparent from the.fol : | es. Which shows typical reactions for steps
(i) through vﬁ’?‘}g“p‘@%&f?%@% TYPE OF REACTI ON I ntroduction of
substituents in ring A Elaboration of substituents on ring, A (brom nation,
am de formation, hydrolysis) Condensation to formlinker 10 Il
Condensation_to formlinker Il11 Elaboration of substituents on ring A
(al kyl ati on, Radipaetoye/eempounds oF dumpateni eam st ussdte sliggmper diabgtey, bevause
H ab_or-"jlhllex(')enisoz{c desclrje%gé i 8 WSl 0 fnrsllginAreggpltgPélig tpht(laer}?ts 1?&715th 'typ\él II %E)abctes and
10 even in patients displaying pre-diabetic risk factors such.as Syndrome-X. A simple .
 tissue biopsy followed by exposure of the tissue sample to these radioactive compounds
- can yield a measure of the receptor count for the biopsy tissue. A low receptor density
* count can then be used to diagnose diabetes or pre-diabetes in the patient.
Radioactive compounds have a long history of use in the discovery of new drugs.
15  The compounds claimed in this patent all have the potential to be easily radiolabelled and
can ‘be used to discover other new agents that act on the insulin receptor and thereby
lower circulating levels of glﬁcose in diabetic patients. The process in which these

agents can be utilized to discover new insulin receptor agonists/activators and glucose- .

lowering therapeutic agents are as follows:

) 20 Radioactive compounds of this patent can be utilized to ‘\;alidate, optimize, and
;tandardize bioassays used for discovery of other cbmpounds that: |
1. Activate/stimulate the cytoplasmic kinase domain of the ins:._llin _receptor
kinase or the insulin receptor kinase; o |
Activate/étimulate the insulin receptor;
25 Stimulate glucose uptake in to cells-and tissues;

Lower circulating glucose levels in mammatls;

Lower circulating glucose levels in humans;

Y LR

Inhibit lipolysis in cells and tissues;
o 7. Inhibit lipolysis in mammals.
30  Radioactive compounds of this patent can be utilized as a bench mark to discover

compounds that show improved activity in biocassays that:




Condensation to formlinker Elaboration of substituents on ring A
_(hydrolysis, acidification) Intranolecul ar condensation to 7fNOVEMBER 2003
Depr ot ectW@M0/GB0@m no group El aborati on of substituents oROTiUs)0/AM644
“(hydrolysis, -acidification) VIl Condensation to formthe |inker
El aboration of substituents on ring Asghydrolysis, acidification) 25 VIII'
Addition to formlinker (NH + SCN) | aboration of Iinker WO 00/ 71506 7

- NOVEMBER 2003 PCT/.USOO/141644 35 S C C.-N~N N \N121 I HHHHIXS5
El abor ati on of- stBAYaY tieptiate ofhe sieplasminykinaeydomain ofcith fisubini eodptéddi ti on

to formlinker (g + . oration of |inker (alkylation,
am nolysis) E algg%gtofgﬁqg%&snu%é%ﬁrd%ﬁsg’ on ring A (hydrolysis,

~aci di fication). Caohensainndite e houR rebdifort | Nker. 1n a condensati on
reaction, a sinple substance, such as water, is released by the 10

_conbi nati on of- tStemuwletergbrcoseraptekaiings cellmdasmasnsat i on -reaction may occur
upon @ddi ti on ,of 'ané/ a.nu arting materials utilized in organic

of er qf st
synt Heses, suth &V rd’frﬁ'f’%%gfﬁ&??@q%‘??imﬁim opane, at a tenperature

bet ween 50 ang 12@5.01%%2%1 1380sed0R 174 1 rmul ae A and B together may be
-(CH2) -1 -(CHz)3-, or (CH %f-,ostehen tﬁehﬂi(?g?idensation is intranmolecul ar

 (see React i on6Sdhbibit ligo)ysisib c€heanidaibues] abor ati on of one or nore

substituents E?ngﬁ) RS, and R& or Y via the conversion of one such
substituent i At drBkydipelyssuB&maimast may be acconplished via hydrol ysis,
- salt formation, acidification, alkylation, esterification, oxidation, or

10 3 In another embodiment of tﬁe invention, the insﬁlin receptor is activated by

contacting the insulin receptor, or the kinase .p'oftion thereof, with a compound of the

. invention in an amount sufficient to activate the_-insul'in receptor. The tafgeted msulin
receptor may optionally be on the surface of a cell in a mammal. In such a case, the

7 cbntacting is effected by administering the compound, or a pharmaceutical composition

15 theredf, to the mammal. Optionally, the method may further comprise contacting the

insulin receptor with insulin.

In an alternative embodiment, the compounds of .the invention are used to
stimulate the uptake of glucose into cells displaying the insulin receptor. This method -
comprises :cont'acting the cells with 2 compound of the ihventioh, optionally in the

20  presence of insulin, and in an amount sufficient to stifnulate the uptake of glucose into
the cells. The targeted cells may optionally be in 2 mammal and the step of contacting fhe
receptor with the compound may then be effected by administering the compoﬁnd, or
pharmaceutical composition thereof, to the mammal. In one emﬁodiment of thé methbd

‘ ~of stimulating the uptake of glucose into cells displaying the insulin rec;eptor, thé cells

25  are also contacted with exogenous insulin.

A method of treating hyperglycemia in a mammal, preferably a human, is also
contemplated by the present invention. The methods comprises administering a
therapeutically effective _amouht of a compound of this invention, éf a.phalrmaceutical
compaosition thereof, to a mammal. Optionally, thé'metihod may further comprise treating

30 the mammal with one or more additional forms of therapy or treatment for




reduction. In hydrolysis, an ester or am de conmpound is dissociated b
reaction with water. Hydrolysis is catalyzed by acid or badeNOMRMBER 2003
hydrol ysis of an am de generally 20 requires nore vigorous conditions (for
exanpl e, Wa 07 yBer concentration of sulfuric acid at 1 to POU/USOA644 to 5
hours) than those required for the hydrolysis of esters. Hydrolysis
reactions can also be carried out w t4yaqueous hydrochloric acid at 100 to
150 C and may 0 11 require as long as 18 hours. 7 NOVEMBER 2003 WO 00/ 71506
36 PCT/ 800/11464_4 n salt formation, a free acid is converted into a salt
vi a addi¥PIRYEFR- a&métan?feageméth%@ﬁy SSMRHSe I BN am e PgaRasi ilior

triethanol.am ] . (N rd& of. fhe hydrog ions of .the acid
with ong&o@@n@%émtgg?#o%@%ﬁggb%ge? _ (Ee‘%goﬁget}léilgr‘{e%fona ‘SE%}H‘B%YH% theto its
cor r espeogipdghdefdha il maqite ddPiakeedDld HBeatiral il &MNBMon it a2 5
stoichionetric anount of an appropriate acid, such as hydrochloric acid.
Typi cal mgn-ipgydin druger pthee alterndtive dlegmubnit fomhypekgly comiafhe total m@otnt gfuch as

met hanol, or et.hanol,. and the acid,is, added in nethanol or ethangl. The-
oo adii TR PG hemantfaal Tt e Sy GFPHCRY extective

pr eci pi n At 1 out U i I.th | ess
Polar PsaloRR, SRR adl oF Aoy MO ks ) el B 07 0
- aci d. 16ubaptiadak fdrahs¢rapeutiapuegdsyd. group is added to or substituted in a
conpound. Alkylation is carried out in a suitable solvent, such as

acetonitrile, -DWF, or THF, at_0O of 160 C typically at approximately 25 C
to reflux, andYF¥fAmEFeUS Side-effech of Shenyimupistintinn afyinsulin is dssulinrindecsdi on

reactio i i t_ e -one er product. In brief,.
t he coﬁﬁ%ﬁg&?@a r@%?@ed%\%egﬁwf r?%m&gmg TS 3’.%55,‘91& e@% abIszz Pﬁf’,(i’tl%lcé{‘
equl¥al eaéamofuitrsetbre inldicral patehtdivtlo @fveRFIEIPrédicablRRAYRLE% 1o i¥ulin -
-di al kyl am ne, or a heterocyclic am noal kanol, optionally in the presence

of fromel leve hypervansblg devals yof1 cesulating glucosejui Var ches pétients, etht | @ry

or gani c:base_such 4- di et hyl, am.nopyridi ne or, preferahly,.

Cr Vot hy AR o indse Sampe el Ve Rehiog 6 dodh & Ssblie Sy amimiesn, or,
pref er alley possihiif! tRAOMR NI patiERE Wil akel-ABsd %E%xﬂkﬁ%‘d %fférlﬁ-oﬁqo 0 G,

- preferably at . anbient 20 tenperature, for Ito 24 hours, preterably 4
hours. Gsrratonsepwpoasrush af comarmit alehthc Srhebe cpmepadsthppea tadednagdblei on.

Furthernpre, . the cqonpounds of formula | may be prepared by nodifying K
(whet e EPW%C’P&E‘Y%%@ Mg HERIFSenre FT aheshed o ngling| kisy-anpee ik indredst oned by

am no sybst.} i P anhkch ] DO QLQUP. s, far. e I a
oavi g Saecteits b e A, o R bRy P R AR el "R T

pr ot ect hygogiyettiis These Remipdluidsdire atus Refeétiveahbolin @Fdepd, suitable
~protective groups for am no, -hydroxy, carboxyl groups are as described in
Greene, et afn onpepthedimens o bgpventiad; ghéicompprnde giesuseSetooment Hgpd. i on,
John W

hFa%et%sn gn a mammal. This method comprises administering a thera_tpeuticéliy effective
20 amount of a compound of this invention, or a pharmaceutical composition thereof, to the |
mammal. In a preferred embodiment, the mammal is a human. The method of treatiné
type I diabetes may optionally further comprise treatiné the mammal with oﬁe or more |
add_itional therapies or treatments for type I diabetes. For instance, in one embodiment of
the method of treating type [ diabetes, a compound of the invention and insulin may both
25  be administered to the mammal. Alternatively, the additional form of treatment for type |
diabetes which is co'mbined with administration of the compound of the invention may
be an antidiabetic agent other than insulin or another alternative form of treatment for
type I diabetes. Again; the total amount of the combination of antidiabetic agénts
administered to the marmnal must be a therapeutically effec—tive amount, 'although thel
30  amounts of each of the individual drugs may be sub-bptimal for therapeutic purposes if

those drugs were to be delivered alone to the mammal with type I diabetes.




Sons, New York, 1991. Activation of carboxylic acids can be achi eved %g
_using a nunber of different reagents as described in Larock, NOYRMBEE:209%%®

Organi ¢ wAYoonawst or mati ons, VCH Publishers, New York, 198 09§ 1506 37
"OH OH Exanple 1. Conpounds 3, 4, 8-16, and 19-93 were prepared according to
Reaction Schene | and Reaction Scheng.,(ll. 03S triphosgene NH3 NaCH or .
NaCH, NaQAc | X=H 2 X=OH NH2 5 O Omé)}ri dine 0 11 POCC13, DMA sulfol ane,
CH3CNI H -W' SOBNa 3 X=H 4 X=CH N' -N' -SOQ20 Na@BS 6 X=H 7 X=OH N N
5=0 | H H | RioHXoSE8PhEkRinEnXatiHR-int®n)Xhe compRusdNHRRSERBAGBre 14
X=CH, R=CH 11 X = O4, R _= NHPhSC3PhCH3 ‘
to treat type II diabetes in a mammal. This method comprises administering a
therapeutically effective amount of a compound of this invention, or a pharmaceutical

composition thereof, to the mammal. Again, the preferred subject is 2 human.

5 Again, like the other treatment methods of the invention, this method may ﬁ,irther-

| comprise treating the mammal with one or more additional forms of therapy for type II
diabetes, such as administering insulin to the mammal. The insulin is delivered to the
mammal in an amount which is therapeutically effective when used in conjunction with a
compound of the invention. This therapeutically effective amount of rinsulin when used in

7_10 combination with a compound of the invention may be less than the amount of insulin
which would be therapeutically effective if delivered to the mammal alone. It js

" understood that the insulin which is administered in any of the treatments of fhe present
invention may either be isolated from a natural source or be recombinant. In addition, an-
insulin analog may be substituted for insulin in any of the treatments of the present

15  invention.

 Use of the compounds of the invention for treating type II diabetes by

combination thera}ﬁy may also comprise the administration of the compound of the
“invention to the mammal in combination with a non-insulin, antidiabetic agent or other :
treatment for type Il diabetes. For instance, the antidiabetic drug which is administered to |

- 20  the mammal in combination with a compound of the ‘invent'ion may optionally be a

thiazolidinedione, such as troglitaZOne, or a sulphonylurea. The total amount of the

combination of drugs (invention compound plus insulin, and/or other antidiabetic drug)

administered to the mammal for the treatment of type II diabetes must be a

therapeutically effective amount, although the amount of each of the individual drugs

25  used in the combination therapy may be suboptimal for therapeutic purposes if that drug

were to be delivered alone to the mammal with type II diabetes.

‘ The compounds of this invention are thus used to enhance glucose uptake in
patients which require such treatment. The method of treatment comprises the
administration parenterally, and orally, of an effective quantity of the chosen compound

30  of'the invention, preferably dispersed in a pharmaceutical carrier. Dosage units of the




R 7 NOVEMBER 2003 PC T'/US00/14644 f Br H,N. -SONa 16 HN SCBNa
X=H, R=CH 13 X = H. R = NHPhS@BNa 14 X=CH,R=CH 15 X = OH. R7 QMMB&@OU?'
Reaction Schene: |
7- ([ (7- swbfoamrzggapht hyl ) ami no] car bonyl am no) napht hal ene- Z?M}ﬁs@mgmm d
di sodium salt (conpound 3). To 5.25 g (0.021 nol) of
7-am no- napht hal ene- 2-sul fonic acid s\gspended in 80 nL of water was added
a solution of 6.5 nL of 10 N aqueous OH 10 (0.065 nmol) diluted.to 30 niL
with water and a solution of 3.20 g (0.011 nol) of triphosgene in 30 nL of
THE por tacovmningesdientdra pereralbt sehgtel fedm theatangdof i1 ad 100®meries fdf@:labwﬁ
mai nt ai ned above 8. After the reaction was conplete bi/) TLC (6:2:1 ethyl

B

acet at e:0-8bpr Hhmerkaardmprg prs e‘rSFPIWéJSI F%%F@ék&s dut wil f%@iemrmedand t he

vol ati | r [ . solid

col | ect g% %W@&ﬁ@%gﬂ&?ﬁﬁﬁ% vvg f\olv;agﬁgﬁ B nha%%gte‘ecf “%HF%‘%@forded

3.41 g Qqhe GRABAU Mhe3eorBpoASHHOhe 1?1\@@65“@531’18&0 efé@l?o«fdzéﬁig@ in a

. PCT/-US00/- 14644 38. 4- hydroxy-7- {[(5-hydroxy-7-sulfo (2-naph thylr%

i no] 5ar td@ﬁ@ﬂe w ohb o dAphg/kal Tlmsedﬁsags weinite may lwcadimdlssameﬂ ome Radeh t{m‘,eesrrpound
iag&] g 1&0 045 .nol .es). - am no- 4- hydroxI\g)napht hal ene- 2-sul f oni c

aC| d d| ik 2pye A5 Ghroge lseﬂsea iR Saccrpleile dpyicstyeicy cBect@e pxpastedadded

3.70 g ¢ 4 0 5_was above

o "The resey reumBuams 6 Mgt AR S s NErel ol hecotBntd ikl U B85 03757

. (0.045 rinvemyionf triphosgene dissolved in 15 nL of THE was added in three

~portions. The. pH of the reaction fell to 4-5 and was readjusted to 7-8 by

the dropwi se addition of IN agueous NaQH, -TLC (6:2:1 ethyl
acetate: i soprﬁﬁaﬁdlen’%%@ é‘PWPPH%F?SCE’caéd & Reminisiened oy W r°'11tﬁc%wﬂblét@ thanot her

2o 003 Aot ot Bl b B BALRISSGE A b, KOs RaaraBdRl o

_ V%en include, but are not limited to, adlmmstratxon by injection, including 1ntravenous,

intraperitoneal, intram_uscular, and sﬁbcutaneous injection, - by transmucosal or
transdennel deIivery, through topica] applications, nasal spray, supooeitory and the .like
or may be administered orally. Formulations may optionally be hposomal foxmulatlons _
15 emulswns formulations designed to administer the drug across mucosal membranes or
transdermal formulatxons Suitable formulations for each of these methods of
admmlstratlon may be found for cxample, in Remmgton 5 Pharmaceutzcal Sciences,

latest edmon, Mack Publishing Company, Easton, PA. o

" Methods, uses, activities, administration, 'and pharmaceutlcal compositions
.20 - delmeated above for the compounds of the invention are preferred for those compounds

in whlch K“'O
(d) Examples

The Examples which follow serve to illustrate this invention. The Examples are
in no way intended to limit the scope of this invention, but are provided to show how to

25  make and use the compounds of this invention.

The compounds of formula I may be prepared by:
() intermolecular or intramolecular condensation of a compound of Formula

A




the reaction was judged. conplete by TLC, the pH was lowered to 1 wt

. aqueous HCI and the volatiles were renoved by rotary evapor aNpMEM$EBZOO3
'solid prea@ust7istss col | ected by vacuum filtration. This af PCFH8/IHE485 g of
‘conpound 4. 4-nmethyl phenyl 3-am nobenzenesul fonate (conpound 5). To 50 g

- (0.463 nole) of p- 15 cresol (4-nethyiphenol) and 37 nL (0.458 nol e) of
pyridi ne dissolved in 250 nL of .chloroformwas added 50 g (0.226 nole) of
- 3-nitrobenzenesul fonyl chloride. The reaction was allowed to stir at

anbi ent tenperature. After 2 hours, the reaction was judged conplete by

TLC and the volatiles were rermvsed by rotary evaporation. The resulting

residue was treated with 400 nmR of 0.5 M sodi um bi carbonate. The insoluble
20 product was -col | ected and h sodi um bi carbonate (2 tinmes, 200
mL each) and water (2 ting ech The solid wasthentreated W th
~nmet hanol (200 nL) foll owed / @o%r The solid was coll ected by
vacuum filtration and Washed Wt i Viat er ThIS solid was treated with 170 g

(0.897 nole) of tin (I1) chHYgy i dgyygi ssol wed in 250 nlL of concentrated HCl .
The reaction was allowed to stir at anbient tenperature 25 for 40 hours.
TLC indicated that the reaction was inconplete, so the reaction was heated
at 50 C for 2¥ithauospodiieofFamdladBeci pitate was col | ected by vacuum
filtration and was washed with 6N HO . The -solid was extracted with ethyl
~acetate and water. The ethyl acetate |aver was washed with. brine, dried
wi th magnesium sul fate, fi I tered, andpfhe volatiles renoved. by rotary
evaporation to yield 42.5 of ,c 5 as an oil that 30 solidified on
standing. N-[7-(chl orosul I?( T_ﬁhyl {[7-(chl orosul fonyl) '

" (2-napht hyl Y] am no) carbo dgls nd . To 2.35 g (4.86 mmol) of
conpound 3 was -added 116 nlL of o] e, 25 WD 00/71506 39 7 NOVEMBER
2003.  PCT/ US00/ 14644 nL of aC(e;t)%)_nw)w |l e, 31 nmL of phosphorous oxychl ori de,
and 1 nmiL of di net hyl acet ani de. he Teaction was allowed to stir for 72
‘hours at anbient tenperature. This produced a nearly clear solution. The
reac§i on was gpaké additioh @f thebcdmgfund GF Furiutahs tb e korBpRERA Fordfula BCE
bath.. After all the i-ce had nelted, the solid was collected by vacuum
filtrati on ahﬁhﬁemﬂimmcgmmwﬁ\ﬁ@mulaér HearxhBj ate vapsionaliyeth @ pdsectéd gh

vacuum for 24 hours, This pra f conpound 6.  7-{

f(7-(chl or os dPTBnYT 28 apvted By %‘9’ F'?t)kgﬁme %ﬁ%’ﬁr@?%ﬂ@}s- ere

hydr oxynapht-hkal f %!F (RO Op¥)ps TO 2 mol)
of conpound h%ﬂ?b%an%rﬂ EC%{% élﬁjhkosghoq?gﬁ %)% %hgbfrn?cge %s‘feg %id 25 nL

of 1:1 10 (v ao:;cmﬁuigftoltﬁmﬁrsaa@bmﬂm Bemaiey 6f the mﬁveﬁfloﬂl}ﬂﬁiab)ﬂe@jﬂirq{ﬂ de.- The

rea%lon m.xture was allowed to stir at anbient te §rature for 16 hours.

Thel¥Yeacti on %éc‘%{ﬁéﬂ%’bﬂ%a(ﬁ* ebPTErorr Mandchmagde BooF BG ont o 500 nlL of i ce.

The ice m xt i ce_ bat al.l owed,tp warmto, room

t enper at ur e. il |ﬁ€et‘§"%ﬁn w(éosm%%]lnﬁe%?ﬁ ula Jhatid e compound of
FormulaB,

(ii)  chemical elaboration of one or more substituents R', R%, R, and R® or Y,
wherein said substituent is convertible into another substituent;
15 (iii)  introduction of a substituent R', R?, RY, and R® or Y into one or both of the
naphthalene ririgs;
(V) deprotectioh; .
(v) elaboration of the linker to convert said linker into another linker;
(vi)  salt formation or interconversion;
20 (vii)  ester hydrolysis;
 (viii) liberation of a free acid or base of a compound of claim I; hr .

(ix)  stereoisomer separation or synthesis.




filtration and was washed with water. The solid was dried under h vacuum
for 24 15 hours. This provided 412 ng of conpound 7. 7- [({77{\'@@5@@53@903
hyl phenyl ) oxysul fonyl ] phenyl} am no)sul fonyl ] -2-napht hyl }am no)- '
- car bonyMmditiF#apht hal ene- 2-sul foni c acid (conpound 8) anBCHURMYH§44phenyl
3-[({7- [(N{ 7- [( { 3-[(4-nethyl phenyl)oxysulfonyl}phenyl }
am no) sul fonyl ] - 2- napht hyl } - 34
~ car banoyl ) am no] - 2- napht hyl } sul f onyl ) am no} benzenesul f onate (conpound 9).

To 250 20 ng (0.95 nmol e) 4-nethyl phenyl 3-am nobenzenesul fonate (conpound
5). dissolved in 40 nL of pyridine was- added a solution of 250'm g (0. 49
nmmol e) of conpound 6 in 5 nL of THF. The reaction was allowed to stir at

ambi ent . t enpey, ?!ﬁ{ii% I ed.with
ethyl acetate ang Fe lﬂﬁgﬂe t%hﬁ%cgép! Bre ﬁ%?ﬂé\}”a%rl%éga%%?%for
nmagnesi stgps@) thedugh (Viid)t ered, and the vol atiles were renoved by ratary
evaporation. 25 The products were purified by reverse-phase (RP) HPLC (C18,
30 X 250-mm columm) wusing trifluoroacetic acid (TFA) buffer system (Buffer
A. 5% acetonitrile, 95% water, 0.05% TFA; Buffer B: 95% acetonitrile, 5%
“water,. 0.05% TFA;, 35 nL/mn, 0-1.00%B -in 45 mn.). Fractions containing

t he §aarlle§%ﬁl ; CRAMIENG Y B | yophilized to provide 9 ng
~of conpoun mMr eluting 30 conpound were
~ conbi ned and |yophilized to provide 51 ng of conpound 9. 4-hydroxy-7- ((t
5--hydr oxy- 7-{({3- [ (4-net hylrﬁﬁ‘tﬁiﬂx}tﬁ&[@ﬁﬁ’ﬁ\ﬁsﬁﬁﬁﬂshﬂhﬁ@%)am no)sul fonyl]-
(2-naphthyl )} am no) .car bo\r}\gl am no] napht hal ene-2-sul foni c_acid (conpound
10) and 4 7 NOVEMBER 2003 aPOratipsoY substREIUS0 ong Aedromnatiphpheny |
3-[((4-hydroxy- 7- [(N—{5 hydr o t hyl phenyl ) oxysul fonyl] -
phenyl] ami no) 3(eyfonnal[1(gé %yMuA{ysmg)
sul fonyl ] (2- napht hyl ) ) car banoyl ) am no] - 2- napht hyl ) sul fonyl )am noj] - -
benzenesul fonate (conpound Ebhdenk@tigP fBm(hk@p nmol e) 4-net hyl phenyl 3
am nobenzenesul fonate (conpound 5) dissolved in 40 nL of pyridine was added
“a Hblution Bf 265 ng (0. 490¢nd¢r5)1t1mit0:fmpdmkdr7 in 5 nL of THF. The
reaction was allowed to stlEli at__anbi eng erature r ‘3. hours. Then, the
reaction wasMextract ed with FRHOD AL SROFHUSHIF R ring KYRfifTet hyl acet ate -
layer was dried with nagneshggpo%g)ate filtered, and the vol atiles were
renmoved by rotary evaporatio he’products were purified by reverse-phase
HPLC (C 18, 30 x 250 nm col intkcon®drign tof silts @bAeRMNat) acid 10 (TFA) buffer
system (Buffer A 5% acetonitrile, 95% water, 0.05% TFA, Buffer B: 95%
acetonitril elY5% water, 0.0Elbprtionas substivents on riggsh Rlkyiatsm)ni n. ) .-
Fractions containing the earlier eluting conpound were conbi ned and

ly ilized provi de 15 n Eractions containing the |ater
el ut’l ng conptgand wer e conbrg:ogéen%g{@ftéogﬁ&ﬁ}nzkgd to provide 65 ng of. B
conpound 11. 15 ~ Elaboration of substituents on rin ydrolysis,

C7-{[(7-([(3-sul fophenyl ) am no] sul f onyl } - 2- napht hyl %am noj car bonyI am no) naph
t hal ene- 2-sul fonic aci d di sadifieatien) t (corrpound 12). To 8 ng ( 0.011 mmol)

of conpound %I Intramolecular condensanon to form linker

Deprotection of amino group
20 o _ " Elaboration of substituents on ﬁng A (hydrolysis,
., | acidification) o ‘
VII Condensation to form the linker
| | | Elaboration of substituents on ring A (hydrolysis,
acidification)
25 - VII Addition to form linker (-NH, + SCN-)
' ' Elaboration of linker |




was added 2 nL of 5 N NaOH. The reaction was allowed to stir_at anbi ent
_tenperature for 6 hours. The reaction was acidified with 6 \NAMEMBER B@03
sol uti oWwoad7&bkded to a small reverse-phase (C 18) sol i dPEIESW/@edir act i on’
-colum. The colum was washed with 20 H, O fol |l owed by 50: 50 (viv) CH3CN, H20
‘to elute the product. This provided nmg of conpound 12.
3 {[(T7-({N-(7-{](3- sulfophenyl) am noJ sul fonyl }
2-napht hyl') car banmoyl ] am no} - 2- napht hyl ) sul f onyl | am no} benzenesul foni ¢ acid
di sodium salt (conmpound 13). To 35 ng 0.036 nmol) of conpound 9 was added
2 mL of 5 N NaOH The reaction was allowed to 25 stir at anbient
‘tenperature for 6 hours. She reaction was acidifie&l with 6 N HCl -and the
sol ution-was added to .a fmall reverse-phase. (C18)|| solid phase extraction:
colum. The colum vvas(vﬁshed with H O foll owed 4y~50:50 (v:v) CH3CN: H20
to elute the product-NThis prN)v1—ded—2“6—r'rg e-f-—tp\prrpouﬁ
4- hydr oxy- 7- {{(5- hydr pxy- 7- {[|(3 sul f ophenyl ) ani no] sul flonyl) :
(2- napht hyl ))am noJ car bogy!| am no} napht hal %}\ -2-sulfonic acid (conpound
14). This conpound was prepared from conpound 10 according-to the
procedure described for the synthesis of conpound 12. WO 00/ 71506 7
-NOVEMBER 2003 PCT/ US00/ 14644. 41
3- ([ (4-hydroxy-7-{[ N--(5- hy@l@bx‘atimﬂdf(sabﬁmzér@p@@m )Ry BRI fonyl)
(2-napht hyl ))- car banoyl ] ami no) - 2- napht hyl ) sul f ony['] am no) benzenesul f oni ¢
acid (conpound 15). This c@nqd@imd omas pr epared from conpound 11 according

- to the procedyre described [ the und 12. 5
3-brono- 7- ([ (8- br ono- 5- hydr&f&lt’ionstﬁl f’%’%%”ﬁ ;{;‘flﬁ?ﬂ')q%o@% no] car bonyl ami no) - 4-

hydrpxynapht hal ene- 2- sul F oniggaehithndr3ReE IS M dor( 6B 16). To a
solution of 123 ng (0.22 mmole) of "conpound®™4 in 1 nL of "'water and 2 nL of

di oxane was added 300 pL ofEl#boratidnsdlsubstisments odbriagisngydrolysd, bon
tetrachl oride. After 1 hour, anot her 200 L of the brom ne sol ution was
added to the reaction.. Af t ePCiiE52HBR) hour, an additional 150 pl.10 of the

brom ne sol UBd on, was added_ﬁg%d%&gngre itohﬁ% Mcer 30 minutes, the reaction

was poured into 100 nlL of uce 4 Dr oW precipitate that was
col |l ected by vacuum filtration. The desired product was purified by silica

gel colum cid erBhd@safdtyreadtion, & suﬁpllﬁ)shlbﬁﬁﬁieaﬁlﬁ:h SOWaRNAN adlead & thd O
provide 17 ng of conpound 16. 15 Exanpl-e 2. An alternative synthetic nethod
f or 1@ hecermhigationl of csworqxempmm!qcehs{ sTlge sendepeatignnreapiione ragnoGuhspen 11.

Thi s rret

use nt he | a ant ties of the -
aney reLRORNRE ol oy G SR R R el R AR r I SR A o
dibromoethane and diiodopropane, at a temperature between 50 and 125 C. Should R*
and R* in Formulae A and B together may be —(CH,),-, -(CH,),-, or (CH,),-, then the .

condensation is intramolecular (see Reaction Scheme VI).

15 ~ Chemical elaboration of one or more sdbstituen’gs R',RY R’ and R® or Y via the
conversion of one such substituent into another édbstituent may be-accomplished via
hydrolysis, salt formation, acidification, alkylation, esterification, 'oxidation, or
reduction. In hydrolysis, an ester or amide compound is dis.sociated by reaction with

“water. Hydrolysis is catalyzed by acid or base, and hydrolysis of an amide generally

20 requires more vigorous conditions (for example, a higher concentration of sulfuric acid at
110 100C for 1 to 5 hours) than those required for the hydrolyéis of esters. Hydrolysis
reactions can also be carried out with aqueous hydrochloric acid at 100 ;ﬁo_ 150 C and may

require as iohg as 18 hours.




03s 2 OH OH 17 triphosgene 10 NaQAc/HOAc pH 4.6 SGB8Na 20 1. Ace

anhydride. pyridine !5 18 OAc 0 {. NH2 S=0 | ~ Cl O2S NHAc Td“@VFgl\leE&%‘é%
4. NaOH, 70 C 5 OH NH2 Reaction Schene 11 7 NOVEMBER 2003 WO 00/ 71506

PCT/ USOWQ 88740612 6- (acet yl ami no) - 3- (chl.or osul f onyl ) napht Fyl/Us8dudédde
(conpound 17). To 50 g (0.209 nmol) of conpound 2 was added 100 niL of
~acetic anhydride and 100 nL of pyridigge. The reaction was allowed to stir
at anbient tenperature for 16 hours. The solid precipitate was collected

by vacuumfiltration. This provi ded 83 roduct that was dried under
hi gh vacuum Iy 5o HPEOakH, ¢ Has asHiisae 3rtf—dn§f° %ﬁd&ﬁ%ﬁé@g%wcﬁqu de.

Thi h
Then, "t RECHR, {0 8 qidd Bl fiaBloy BIUMNaEB L SO Rosthdes affor B 8P (0% 0
mel ted {habpudogknhions 8F thet ved w:iml brid oveBoROdationd 6fla Bisev al:we@ﬁvb}std‘rﬁéf #n and

washed with water. The solid was dried in  vacuo to provide 50 g of
Conpoun@rmpoumlgnto its corresponding acid addition salt is accomplished via treatment with a

2 OEiI[ um §8}c?1.100n4fetqu%%x t c2>f A B]grrdgngtg%lc{ nddh‘]?snflyrt]i?ddﬁ?d]nzcegc?d u ];81%51%,6‘ | d
free base is dissolved in a polar orgamc solvent such as methanol or ethanol, and the
acid Isradded in methanol or ethanol. The temperature is maintained at 0 to 50 C. The -
éorr’espondhg salt precipitates spdntahe_ously or can be brought out of solution with a

less polar solvent. In acidification, a chemical compound is converted intofan acid.

10 In alkylatlon an alkyl group is added to or subsntuted ina compound Alkylation
is carried out in a suitable solvent, such as acetonitrile, DMF or THF, at 0 ot 160 C, -
typically at approximately 25 C to reflux, and requires some. 1 to 18 hours. Finally, an

 esterification reaction results in the fonnatlon of at least one ester product. In bnef the
comppund 13. reacted with from 1.0 to 5.0, preferable 2.0, molar equivalents of an

15 alkanol, a thiol or ammonia, a monoalkyl, or dialkylamine, or a heterocyclic
amindalkanol optionally in the presence of from 1.0 to 1.5, preferably 1.25, molar
equivalents of a tertiary organic base such as 4—d1methylam1nopyr1dme or, preferably,

v tnethylamme in an organic solvent such as dxoxane teu'ahydroﬁ.lran or, preferably, :
dichloromethane. = The reaction takes place at ~10 to 50 C, preferably at arnblent

20  temperature, for ] to 24 hours, preferably 4 hours.

Certain compounds of formula I can be prepared via acid addition. Furthermore,
the compounds of formula I may be prepared by modifying K (where K has the above’
meaning), for example, by alkylating K, folioweld by amino substitution, in which an

“amino group replaces, for example, a leaving group such as the S-methyl group.

'25 " In those cases in which protective groups may be introduced and finally removed,
suitable protective grodps for amino, hydroxy, carboxyl groups are as described in
Greene, et al., Protective Groups in Organic Syﬁthedis,-Secohd Edition, John Wiiey and
Sons, New York, 1991. Activation of carboxylic acids can be achieved by. using a
number of different reagents as described in Larock, Comprehensive Organic

30h Transformations, VCH Publishers, New York, 1989.




(conpound 18). To 25 g (0.095 mol)of conpound 5 dissolved in 200 ni_of THE
_was added 8.1 nL of pyridine. Then, 36.3 g (0.106 mol) of JdONPYERMBER 20803
added f évbowrrdos by an additional 200 nL of THF. The reactronUsma4eddl owed to
"stir at anbient. tenperature for 16 hours. Then, the volatiles were renoved
and the resul ting residue was part|t|3o]ned 15 between ethyl acetate and IN
HCl .- The ethyl acetate layer was washed with brine, treated with magnesi um
sulfate, filtered and the volatiles renoved by rotary evaporation. The
resulting solid was dissolved in Ex@mpledi SN NaOH and 30 rrL of di oxane.
The so tlon e d a C for 5 hours. ft | ution
“was | owePBE° fni’) ﬂﬂg ﬁ?ﬁéﬁ??ﬁf‘é& ReRarecrAgeor ngb\ﬁffg &H@Sleﬁ‘iﬁovacuum
filtrat Rggbnogr‘géhgﬁ@m di ssolved 20 in 200 nmL of water with 20 nmL of 5 N
The solution was . heated to give a hazy } sol ut| on that was

filtered hotxto produce a clear solutionf The sol uti was diluted with
water to 1. d t henubiveepH was adj t ool 6 N HCl. Asolid
precipitat gHa The SHSPENSTON \U&s Aq C{,{,..igerat or over ni ght

and the Sblid was coII _QtbabY vacuumflltraﬂldn to furnish, after drying,
21 g of conpound 18. 25 3- {[(4 hydr oxy- 7- ([N—(5 hydroxy 7- {[(3 su
fophenyl ) am 4 fonyl) (2

napht hyl.) ) cai Banby! ] - ani no) - 2- n | )su fonyI fJ)am no¢ benzenesul f oni ¢ aci d
- di sodi um ‘sal t (compound 15). ,fo H . 045 nol ) o%ﬁ’pound 18 was added
250 nmL of acetate. buffer (I M NaQA pH 4.6) and m. of THE. This
formed a dark Ju sol ution. Asolutl nof 4.4 g (15 mml) of triphosgene
in 40 nL of THE Was added 0 dropvvl se to the abo e Bl uti on overo"'a peri od
of 3 holF {10 njn. H gm react o co:rrp %he
reaction acd di f1 edop q 6L (A, . 2 gabhl €s

were renoved by rotary evaporat?‘or’f‘ and the resulting god vffas strl pped WO
00/ 71506 43 75 NOVEMBER 2003 PgK-#600/ 14644 from acetonitid | e,

acetonitril e/ heptangpyiard then? éifttane. The resulting solid was di'ssol ved
in 140 nL of water pith heating. Then, 250 -nL of brine was added. A solid
precipitate fgrmed.” The flgsk was kept at 4 C. fqr 15 hours, >{;md t hen the
solid was _colll ected by tuum filtration. The sglid was washed with a
~smal | anoufg e-gol @ B wat er whyd ne. ARt @@ 3¢ h? gh vacuum
this proV‘P’d?:d N Bf Co qaam 15.—'l2he-f-oIQ%?vi 10 CompoN NS gbloe 1) were
pr epared acekor di ng to. the m@eneral' procedures as those owl Lped in

on

Reaction Schenme | or Reacti eme Tl and detailed in the abo
procedures for the synthesis of ggrgglounds 3-18. The variety of nolEcul es
.that were used in place of corrpo’und 5 for the synthesis of corrpous}?él'? 19-91
were €ither 10sputghased from comerci al suppl i ers og: yen& Jugepared. by

st andar d -nmet ho¥YsX KiBWAHPISO:Ph¢iase skilled in the art. P hsppaTabl e | -

with acidic gr H®§O%§§N§H@M3hd@ the free acid form i3 izoﬁ:g:ggphsoma
5 _ _
_ _ Reaction Scheme I

7 (7—sulfa-2-naphthyl)amino]carbonylamino}naphthalene-Z—sulfohic acid disodium

salt (compound 3). To 5.25 g (0.021 mol) of 7-amino-naphthalene-2-sulfonic acid
suspended in 80 mL of water was added a solution of 6.5 mL of 10 N aqueous NaOH

10 (0.065 mol) diluted to 30 mL with water and a solution of 3.20 g (0.011 mol) of

- triphosgene in 30 mL of THF portionwise, end alternating such that the pH of the
reaction was maintained above 8. After the reaction was complete by TLC (6:;2:'] ethyl
acetate:isopropanol:water) the pH was lowered to 1 with aqueous HC} and the volatiles -

were removed by rotary evaporatJon The solid product was collected by vacuum

1S filtration and was washed with water. This afforded 3.41 g of compound 3.




7 NOVEMBER 2003 WO 00/ 71506 44 Tabl e 1 PCT/ US00/ 14644 CorrpoundRR5R6RauY
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4-hydroxy-7-{[(5-hydroxy-7-sulfo(2-naphthyl))amino Jcarbonylamino jnaphthalene-2-
sulfonic acid disodium salt (compound 4). To 10.77 g (0.045 moles) of 7-amino-4-
7hydroxynaphthalene—2-sulfonic acid dissolved in 45 mL of 1 N aqueous NaOH and 50
" mL of water was added 3.70 g (0.045 moles) of sodium acetate. The pH.of the _sollutio-n
-5 was above 9. The reaction was cooled to under 5°C in an ice-water bath. Then, 223 g
(0.045 mole) of triphosgene dissolved in 15 mL of THF was added in three portions. The
pH of the reaction fell to 4-5 and was readjusted to 7-8 by the dropwise addition of IN
aqueous NaQOH. TLC (6:2:1 ethyl acetate:isopropanoi:t-ﬁatef)r indicatéd the reaction was
7 " incomplete. Another 2.20 grams (0.045 moles) of ﬁ'iphbsgen_e in 10 mL of THF was |
10 added portionwise with the pH kept above 7 by the addition of IN aqueous NaOH. When
the reaction was judged_c'or'nplete by TLC, the pH was lowered to 1 with agueous HCI
and the volatiles were removed by rotary evaporation. The solid product was collected by
.'-vacuum filtration. This afforded 10.85 g of compound 4. |
, '4—merhylphenyl 3-ammobenzenesub’onate (compound 5) To 50 g (0 463 mole) of p-
15 cresol (4-methy1phenol) and 37 mL (0. 458 mole) of pyridine dlssolved in 250 mL of
chloroform was added 50 g (0.226 mole) of 3-nitrobenzenesulfonyl chioride. The
reaction was allowed to stir at ambient temperature. After 2 hours, the reaction was
judged complete by TLC and the volatiles were removed by rotary evaporation. The
resulting residue was treated with 400 mL of 0.5 M soti'ium bicarbonate., The insol_ubl'e )
20 | ptoduct was collected and washed with sodium bicarbonate (2 times, 200 mL each) and
water (2 tim.es,_ 300 mL each)t The solid was then treated with methanol (200 tl‘tL)
'follc')wed by water (200 mL). The solid was collected by vacuum filtration and washed
- with water. Thisrsolid was treated with 170 g (0.897 mole) of tin (II) chloride dissolved
in 250 mL of concentrated HCI. The reaction was allowed to stir at ambient tetnperature
25  for 40 hours. TLC indicated that the reaction was incomplete, so the reaction was heated
at 50 C for 27 hours. The solid precipitate was collected by vacuum filtration ahd was
~ washed with 6N HCI. The solid was extracted with ethyl acetate and water. The ethyl
acetate laver was washed with, brine, dried wzth magnesmm sulfate, filtered, and the
volatlles removed. by rotary evaporation to yield 4’? 5g of compound 5 as an oil that
30 solidified on standing. |
- N-[7-(chlorasulfonyl) (2-naphthyD [{[ 7-(chforosulfonyD (2-naphthyl) Jamino}carboxamide
(compound 6). To 2.35 g (4.86 mmol) of compound 3 was added 116 mL of sulfolane, 25
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fnL of acetonitrile; 31 mL of phosphorous oxychloride, and 1 mL of dimethylacetamide.

The reaction was ailowed to stir for 72 hours at ambient temperature. This produced a

nearly clear solutidn. The reaction was poured onto 1.5 L of ice and the flask placed in an

ice bath.. Aftér all the ice had melted, the solid was collected by vacuum ﬁltration and

5 was washed with water. The solid was dried under.highr vacuum for 24 hours. This
~provided 2.56 g of compound 6. |
7-{(7- (chlorosulfonyl) 5- hydroxy(2-naphtkyl))amxno]carbonylammo} 4-

hydroxynaphthalene-2-sulfonyl chloride (compound 7). To 500 mg (0.912 mmol) of

_ CDH'lpOlIlfld-4 suspended in 8 mL of phosphorous oxychloride was added 25 mL of 1:1

10 (viv) sulfolane;écetonitrile and 0.5 mL of dimethylacetamide. ’i’he reaction mixture was

~allowed to stir é.t ambient temperature for 16 hours. The reaction became a clear solution
which was pbured onto 500 mL of ice. The ice mixture was placed in an ice bath and
allowed to warm to room temperature. The resulting solid was collected by'vacuum
filtration and was washed with water. The sohd was dried under hlgh vacuumn for 24
| 15  hours. This provided 412 mg of compound 7.

7-f ({7-[({3- [(4-methylphenyl)oxysulfonylJphenyl} amino)sﬁt_‘fony{]—Z—naphrhyl }ami'no)—
carbonylamino Jnaphthalene-2-sulfonic acid (compound 8) and 4-methyipheny! 3-[({7- |
[(N-{7-[({ 3-[(4-methylphenyl)oxysuifonyl]phenyi }amino)sulfonyl]-2-naphthyl}-
carbamoyl)amino]-z-naphthyl}sulfonyl)amino]bcnzénesulfonate {compound 9). To 250 -

20 mg (0.95 'mmb.le) 4-methylphenyl 3-aminobenzenesulfonate (compound 5). dissolved in

40 mL of pyridine was-added a solution of 250 mg (0.49 mm"ole) of compound 6 in 5 mL

- of THF. The reaction was allowed to stir at ambient teinperature for 3 hours. Theﬁ, the
reaction was extracted with ethyl acetate and 1 N HCL. The ethyl acgtétg: layer was dried -
with magnesium sulfate, filtered, and the volatiles were removed by rotary evaporation.

25 The products were purified by reverse-phase (RP) HPLC (C18, 30 X 250 mm colummn)
' using trifluoroacetic acid (TFA) buffer system (Buffer A: 5% acetonitrile, 95% water,

- 0.05% TFA; Buffer B: 95% acetonitrile, 5% Water, 0.05% TFA; 35 mL/min, 0-100% .B
in 45 min.). Fractions containing the earlier eluting compound were combined and
lyophilized to provide 9 mg of compound 8. Fractions containing the later eluting

30  compound were combined and lyoﬁhilized to provide 51 mg of compound 9.
4-hydroxy-7-{({5 —hydrbxy— 7-f¢ { 3-/( 4-methylphenyl) oxyS‘ut]fényl:]ph.enyl famino)sulfonyl -

- (2-naphthyl) }amino)carbonylamino ]naphthalene—Z—sulfohic acid (compound 10) and 4-
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methylphenyl 3-[( { 4-hydroxy— 7-[(N-{5-hydroxy-7-[({3-[(4-methylphenyl)oxysulfonyl]-

. phenyl) amino)sulforyl](2-naphthyl)} carbamoyl)ammo ]-2-naphrhyl }sulfonyl)ammo]—

benzenesulfonate (compound 11). To 250 mg (0.95 mmole) 4-methylphenyl 3-

‘aminobenzenesulfonate (compound 5) dissolved in 40 mL of pyridine was added a

solution of 265 mg (0.49 mmole) of compound 7 in 5 mL of THF. The reaction was
a].lowcd to sﬁr at ambient temperature for 3 hours. Then; the reaction was exfractcd with
ethyl acetate and 1 N HCI. The ethyl acetate layer was dried w1th magnesmm sulfate
filtered, and the volatiles were removed by rotary evaporatlon The products were

purified by revcrse-phase HPLC (C18,30x 250 mm column) using trifluoroacetic acid
(TFA) buffer system (Buffer A: 5% acetonitrile, 95% water, 0. 05% TFA Buffer B: 95%
acetomtnlc '5% water, 0.05% TFA 35 mL/min, 0-100% Bin 60 mm) Fractions
contammg the earlier eluting compound were combined and lyophilized to provide 15

mg of compound 10. Fractiono containing the later eluting compound were combined and

lyophlhzed to provide 65 mg of compound 11.

7-{F(7-t{(3 -sulfophenyl)ammo ]Su{fonyl} -2-naphthyl)ammo ]carbonylammo} naphthalene- '_

2-sulfonic acid disodium salt (compound 12) To 8 mg ( 0.011 mmol) of compound 8
was addcd 2 mL of 5 N NaOH. The reaction was allowed to stir at ambxent temperature
for 6 hours The reaction was acidified with 6 N HCI and the solution was added to'a
small reversc-phase {C18) solid phase extraction column. The column was washed with ;
H,O followed by 50:50 (v v) CH,CN:H, O to elute the product This provxded 5 mg of
compound 12.

3-{[(7-{[N-( 7-{[(3~sulﬁ)phenyl)ammo]su{fonyl} 2-naphthyl)carbamoyl Jamino}-2-
naphthyl)sulfonyl ]ammo}benzenesul_’fomc acid disodium salt (compouna’ 13). To 35 mg (
0.036 mmol) of compound 9 was added 2 mL of SN NaOH The reactlon was allowed to A
stir at ambient temperature for 6 hours. The reaction was acidified with 6 N HCi and the
solution was addcd to a small revcrse-phase (CIS) solid phasc extraction column. The
column was washed with H,0 followed by 50: 50 (v: v) CH CN:H,0 to elute the product
This provided 26 mg of compound 13.

4-hydroxy-7-{[(5-h ydroxy- 7-{[(3 -sulfophenyl)ammo ]sulﬁ)nyl } (2-naphthyl))ammo ]
carbonylammo}naphthalene-Z-sulfomc aczd (compound 14). This compound was
prepared from compound 10 according to the proccdure descnbed for the synthesis of

compound 12,
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3-{f (4-hydroagz- 7-{{N-(5-hydroxy-7-{[(3-sulfophenyl)aminosulfornyl}(2-naphthyl))-
carbamoylJamino}-2-naphthyl)sulfonyl Jamino}benzenesulfonic acid (compound 15).
This compound was prepared from compound 11 according to the procedure described

for the synthesis of compound 12. | '

5  3-bromo-7-{f (6'-bromo-5-hjfdroxy-74sulj"o(2—naphthyl))amino ]carborzyla}nino}-di— |
| kydroxyndphrhalene-_?-sulfonic acid disodium salt _(compouﬁd 16). To a s_blutibn of 123
mg (0.22 mmole) of compound 4 in I mL of water and 2 mL of dioxane was added 300.
‘uLofal M_' solution of brémine in carbon tetrachloride. After 1 hour, another 200 uL of
the bromine solution was added to the reaction. After another hour an additional 150 pL
10 of the brormne solution. was added to the reaction. After 30 minutes, the reaction was
| poured into 100 mL of THF to produce a brown prec1p1tate that was collected by vacuum
filtration. The desired product was purlﬁed by silica gel column chromatography (5:2:1

ethyl acetate:isopropanol:water) to 'pfoyide 17 mg of compound 16.

15 Example 2.
An alternative syntheﬁc method for the compounds ‘of the invention is described in

Reaction Scheme 1I. This method was useful for the synthesis of larger .quantities of the

- destred pro'dlicts and is illustrated by the synthesis of compound 15.

QAc

1. Aqetic anhydride- _ ?
035 NH N . ClO.8 NHAc =~ - \©/ 0
3 3 . 2.POCY | 2
2 _ 17 o 5
' - 3. pyridine
4. NaOH, 70 C.
OH o
o—s S=0 ~— NH;
" . NaOAc/HOAc
: pH 4.6 '
SQ3Na _ SCgNa SOgNa
15 18

20

Reaction Scheme If
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6—(acezylammo)-3 (chlorosulfonyl)naphthyl acetate (compound 17). To 50 g (0.209
- mmol) of compound 2 was added 100 mL of acetic anhydnde and 100 mL of pyridine.
The reaction was allowed to stir at ambient temperature for 16 hours. The solid
. precipitate was collected by vacuum ﬁlfr_ation. This‘provided 83 g of produc't that was
5 dried un'c_ler high Vacuum. To this solid was added 260 mL of phosphorous oxychloride.
- This sﬁspen'sion was aquWed to stir at ambient temperature for 16 hours. Then, the dark
SOIHtion was poured onto 3 L of ice. After all the ice had melted (aboutr 3 hoursj the
sohd was collected by vacuum filtration and washed thh water. The sohd was. dried in
vacuo to provide 50 g of compound 17. _
100 3-{[¢ 7—ammo-4-hydro:g/—2-naphz‘hyl)sulfonyl ]amlno}benzenesulfomc acid sodzum salt |
" (compound 18). To 25 g (0.095 mol)of compound 5 dissolved in 200 mL of THF was
added 8.1 IﬁL of pyridine. Then, 36.3 g (0.106 mol) of compound 17 was added fc')lloWed
by an additional 200 mL of THF. The reaction was allowed to sﬁr at.ambient temperature
for 16 hours. Then, the volatiles were removed and the resulting residue was partitioned
15 between ethyl acetate and IN HCl. The ethyl acetate layer was washed with brine, treated
| lwith magneéium sulfate, filtered and the‘volatiles rer_noved by -r_otary evaporation. The
_ resulting solid was dissolved in 220 mL of SN_ NaOH and 30 mL of dioiane. The
_Solution' was heated at 80 C for 5 hoﬁfs. Then, the pH of the solution was lowered. to 1 _
_ ~ with concentrated HCL. The solid was collected by {facuum filtration and then d‘i-ssoive;d
20 in 200 mL of water with 20 mL of 5 N NaOH: The solution was heated to give a hazy
solution th;.t was filtered hot to produce a clear solution.‘ The solution was diluted with
water to 1.5 L and then the pH was adjusted to 1 with 6 N HCL A solid precipitate
- formed. The suspension was cooled in -the refrigerator overnight and the S;)lid was -
collected by vacuum filtration to furnish, after drying, 21 g of compound 18.
25 - 3-{[(4-hydroxj—7-{[N-(5-hydroxy-7-;’[(3—su50phenyl)amino]sulfanyl}(2-
naphthyl) )carbc;moyl J-amino} -2-ﬁaphthyl)subro'nyl Jaminojbenzenesulfonic acid disodium
Salf(compaund 15). To 17.7 g (0.045 mol) of compound 18 was added 250 mL of acetate.
buffer (1M NaOAC/HOAc, pH 4.6) and 50 mL of THF. This formed a dark brown
_éolutioz;. A solution of 4.4 g (15 mmol} of triphosgene in 40 mL of THF'was added
30  dropwise to the above solﬁtion over a period of 3 hours and 10 min, HPLC indicated the
reaction was éornpiete. The reaction was acidified w1th concentratéd HCL (15 mL). All

the volatiles were removed by rotary evaporation, and the resulting goo was stripped
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from acetonitrile, acetonitrile/heptane, and then heptane. Ther resulting solid was
dissolved in 140 mL of water with heating. Then, 250 mL of brine was added. A solid
precipitate formed. The flask was kept at 4 C for 15 hours, and then the solid was
- collected by vacuum filtration. The solid was washed with a small amount of ice-cold 3:1
-5 water:brine. After drying under high vacuum, this provided 19.2 g of compound 15.
The following compounds (Table 1) were prepared according to -the same general
procedures as those outlined in Reaction Scheme I or Reaction Scheme II and detailed in
the above procedures for the synthems of compounds 3-18. The variety of molecules that ‘
were used in place of compound 5 for the synthesis of compounds 19-91 were either
10 purchased from commercla.l suppliers or were prepared by standard methods known to
those skzlled n the art. Compounds in Table 1 with ac1d1c groups are shown in the free

‘acid form.
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. The conpeunds 94-102 were synthesized according to the procdcdMOYEMBER 208
in ReacwDan780benre |11, OH OH SOB3Na 0 OR O Na@3S Sr - - ACEPCT/ES@HsMA0E
“HANOBS t NaOH OH'I -1 ~ Na@3S- ,H 'H, v v _SG8Na 96 R=H 97 R = CH2CO02H CEt H
-N ~SGBNH4 94 R=H 95 R = CH2C02CH2CH3 4I§eacti on Scheme |11
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"j (et hoXycar bonyl )met hoxy] - 7- sul f o( 2- napht hyl)) 10 '
ami no) -{car bonyl anj no] napht hal gne- 2-sul fgni ¢ acid, i pi umisal t (¢conpound
- 95). To 275 ng (0.5 mmol ) of jconmpound A4 suspence(f tn 0 L qf ethahol was
added 2.5 m. of a 0.2M solutijon_of sodijum ethoxide in_ethanqgl. Thep, 56 jL
(0.5 mmol) & ethyl br tetlat e WAs addedH The mi xtu s |stiHred and
refluxed for 2 hdursr , the solid was renoved by tratii on ang the
vol atilies were renoyg emthe filtratg to 15 pro_;ﬁ 220 ng of cryude
product. The product s“_ re purjified by rleverse-phase' HPL (¥ 8, 20 x 250
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vacuum filtration to afford 16 ng of conpound 96 5
2-[6- ((N-[ §7(car boxynet hoxy): 1- sul Ho(2- naphthyl ) ] arba I%£11nBDASL
sul f onapht hyl oxy| afaiN ¢ di sadium salt (.conpo mpound {95 -was
treated as above for compognd 94 to prqvide 11|ng of nd 97. [The
fol | owng conpouhds_(Table 2} aed QCﬁntﬂlﬁ" to—thersape—gener al
procedur es88s t t hpse Sut {neg, iln Rzgﬁtior's me | 14 1N et@JIeﬁrin,the
above |procedures|. Iq \g:;fhe dynt hesi.s qf conpomnd/ The varilety of
nol ecul es t hat mpre us In place of ethyl bronmpacetat™e for the synnhe5|s
of . corfpeungs—98 wet-e—etther—ptrehasegd—fyomTcomergiat—suppi S or
_mere'prepasgd aﬁﬁgi& met hods own ito os¢ ski in [th art. Al l
of - th cong ek 11T 2 arne ST | { free acid T'@ﬁTﬁ"Tﬁ&‘b‘h e 2
Conpoy ndRR— R 94 , Et Oyl 95 A"CQ2Et O CO2 HO CO2 HO-
-970HO} C02HOCO2 HOH 98_G—IO—IOCHB TOH 99 OHOCH3OCH3CH H| 101 OHOHSO3HCH
1020HP' - SOGsHO t--'-- SGBHOH WO 00/ 71506 (53 7 NO , FCT/ USO0/ 14644 -
Exanplie 4. The conpounds 10Q3- 105 were synthesized according fto the ! -
procedure 8dtlined ip ¥ H H ’ ¢ | H
\(N S\\;-O ‘HfN\@:S\\OO
:::m _ *Cl
92 OH OH OH - H ?* H
, , N §=0
S
, cl
93 4 ?H OH OH H CI’H -H
T ey
o] cl




Reaction Schene IV. CH3l DWF, K C03 Reaction Schene |1V 3-{net hé %\Z Ek(

_{[ et hyl (3- sul f ophenyl ) am no] sul fanyl ) (2-napht hyl ))ani noJ- 7 NOVEMBER 2003
car bonyl 15‘{52 napht hyl ) ) sul f onyl ] am no} benzenesul f oni. @cgamwmspm assi um
"salt. (conpound 103). To 59 ng (0.071 nmmol ) of conpound 13 was added 2 niL
-of DMF. 10 Then, 38 ng of potassium cagibonate was added. The stirred
suspension was heated at 70 Cin an oil bath. Then, 36 L of iodonethane
was added. The reaction was heat edE‘ 31 hour s, and then the volatil es
were renoved by rotary evaporation: xf‘ﬁ’e??é'sul ting solid was: d| ssol ved in
wat er anfhadgdetholfdd 94LIH2S dekd sphae c

‘washed with QQ?OI um vol unes of pmtgfﬁ(%ﬁgﬁ%? Stl?c'?{eu %‘H’?Se I§0%
acet oni t Reacgion fshere iy ni sh, after evaporation of the vol ati | es 55 ng of
conmpound 103. Conpounds 104 and 105 (Table 3) were prepared by the samne

.general proced#tre as indicated above f§r the syntrmsl s of conp 903
except that rQ;m used i % cgece of ne |o id coorrpound
48 was u ed nd 13. -Cewpetnds i idic

gr oups a'?e%hown |nch% free atTdf opmunade’ "NHE ER 20{1{)3“\/\0 007 7699854
- Tabl e 3 PCT/ US00/ 14644 Conmpound #R R'R'R 1030H CH3CH3 a
- 104CH2CH=CH2CH, CH=CHA i 0 cici 1050CH, CH=CH, CH2CH=CH209HGHk CI CI WD

00/ 71506 7 NOVEMBER 2003 Exanpl e 5. The w 11223 R4 GhePCHEHwer e

synt hesi zed according to procedures outlined in eaction Schene V.
: . i . ‘ , NaOH .
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S eN
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) 3 N H H SOgNa
96 R=H '
97 R=CH2C02H

| Redction Schemé I
7-{({5-[(ethoxycarbonyl)methoxy]-7-sulfo(2-naphthyl) jamino) carbonylamino J-4-
hydrmynaphthalene—z-sulﬁ)nic acid, diammonium salt (cdmpo_und 94) and
7 4-f (ethongzcarbonyl)merhoxy J-7-{({5-[ (ethoxycarbonyl)methoxy /f-7-sulfo(2-naphthyl)}-
10 amino)-carbonylamino Jnaphthalene-2-sulfonic acid, diammonium salt (compound 95)
 To275 mg (0.5 mmol) of compound 4 suspended in 50 mL of ethanol was added 25mL
of 2 0.2M solution of sodium ethoxide in ethanol. Then, 56 uL (0.5 mmol) of ethyl
brdmdacetate was added. The mixture was stirred and refluxed for 2 hours. Then, the
~ solid was removed by filtration and the volatiles were removed from the filtrate to
| .15 provide 220 mg of crude product. The products were purified by reverse-phase HPLC
o (C18, 20 x 250 mm column) using ammonium acetate (NH,OAc) buffer system (Buffer
A: 5% acetonitrile, 95% water, 50 mM NH,OAc; Buffer _B: 70% acetonitrile, 30% water,.
15 mM NHdoAc; 15 mL/min, 0-100% B in 30 min.). Fractions containing the earlier
eluting compound were combined and lyophilized to provide 60 mg of compound 94.
*20  Fractions containing the later elutmg compound were combined and lyophilized to
provide 32 mg of compound 95. _
2-(6-{[N-(3 -hydrdxy— 7 —sulfo(Z-naphtﬁyl)) carbarﬁoyl ]amino}-.?-sulﬁmaﬁhthyloxy) a;etic




O 106 OH frnoc-Cl Na2C3B 112 R = SBPhCH3 NaOCH3 C 113 R = CO2CH3 H20 114
-R=SMBNa 107 OH 1. S@d2, pyridine -1V- 2. pyridine H2N tri g NQYEMBERR003
froc, N H H2ZN 1 piperidine R 110 R = 50 PhCH3 CO2H CO2H tri phosgene NaCH
111 R= C®»HO3Ised5 R = CO H Reactlon Scheme V 7- (fl uor en- OPCT/US00/14644

yl oxycar bonyl ani no) napht hal ene- 2- car boxylic acid (107)_ To 0.504 g (2.70
nmol e) of 7-am nonapht hal ene- 2-carboxgd ic acid (106; prepared according to.
the procedure in Harrison, H. A and Royle, F.A J. Chem Soc., 1926, 84)
was added 10 nL_10 of di oxane nL_of 10% SOdI um car bonat e, and 35 nL of
wat er. T4 Aisedigmesglt @emw%%)\&ﬁme@%‘ e lpf(cprppund gt ayasadded 1

our s, ERS OF B e e SaRIR s e O il 18 & i FRieRh e,
glr gtCIhE: Ug%ﬁ:g‘ﬁ\?ascl@bvle%t ®d] Q-)ithV agueB® HO1tAA! theResultih sSIR Wis WBReGHFRENAed i n
vacuum filtration to afford 16 mg of compound 96.
5  2-[6-({N-[. 5—-(carboxymethoxy)— 7-sulfo(2-naphthyl) ]carbamoyl amino)-3-
sulfonaphthyloxy Jacetic acid disodium salt (compound 97). Compound 95 was treated as
- above for compound 94 to provide 11 mg of compound 97. '
The followmg compounds {Table 2) were prepared according to the ‘same general
procedures as those outlined in Reaction Scheme 111 and detailed in the above procedures :
10 for the synthesis of compounds 94-97. The variety of molecules that were rused in place
| .of ethyl bromoacetate for the Synth'esis of compounds 98-102 were either purchased from

comrmercial suppliers or were pfepa.red by standard methods known to those skilled in

the art. All of the compounds in Table 2 are shown in the free acid form.

5 | - . Table2
| | .
: ,7 O - H' - ( \\O
Compound ’ R’ R’ R® _ RY
94 OH o ' OH -0 CcoEt |- _OH'
95 - OH 0" COLEt 07 CoEt |- OH
96 | OH OH 0 COH OH
97 - OH 0"™NCO,H 0" COoH OH
93 OH T OH OCH, OH
99 OH OCH, T OCH, OH
100 T oH TSO:H 804 | OH
0 ' o
101 , OH OH 0 ~—"804H | OH
102 OH 0™"805H | 0804 OH




and stirred to give a fine precipitate that was coll ected b)é vacu
.filtration. This 15 provided 0.948 g of conpound 107. 4-net I‘NOME@H@ERA?OW
3- ([ 7- (f MD¥ENST: yl oxycar bonyl am no) - 2- napht hyl ] car bony| EFTASP0/14644
"benzenesul fonate (conpound 108). To 104 mig (0.026 nmol e) of conpound 107
-was added 6.5.nL of chloroform 1.3 njsL of thionyl chloride, and 100 gL of
pyridi'ne. The reaction was allowed to stir at anbient tenperature for 3
‘hours and then all volatiles were 7 NOVEMBER 2003 WO 00/ 71506

PCT/ US00/ 14644 56 rempved in vacuaEXtHPle ési due was stripped in vacuo from

s nadon o d Sopplt J9BR0s) B3 bkt SiesRRD RO SE el andef tonate

- (conpounRedx}ioasdhdme V(0. 033 mml e) -of  pyridine as a solution in 1.5 nL of
chl orof orm The reactlon was allowed to stir at 5 anbient terrperature f.or

i aptitioned between cet etcat b N HCI
ganiy e\ »=gri ed $rlagnesi y )«“\f
t he vol atlleﬁHV\ere r8noVved in viacuo. The re’sultl n resi dueé was treatp'd vvlth
di et hyl r' and the solid pf i t 2% K -doy vacuumflltna@t’i'

This pro ed 110 ng of -conpoun 8. 10 4- wgﬁgl phenyl
- 3-{[(7-anmspma2- napht hyl ) sul f anykdanm no} benzen@ﬁm; onat e (conpound

To 104 ng (0.16 mmol e)3 of conpound 108 'was add 9 mL of THE and 3
pi pebi dine. The resulting clear solution was allowed to stir for.6 hours

Then, the reaction was extracted with ethyl acetate and IN HC (aqueous).
The dried organic |ayer (nmagne& BeeghonufichemefVwas filtered and the volatiles
ue
&5

and. 3 it RSP AR et e B B i Sk, wer o added

t o f or maurpsmidriropl e nixbRrkylyes] Haﬁﬁ;fz HeAbn&ahbhil bl A r drying,
this provi de’gM?SI%%I(of %}g y%n{jr&?} asd?t?]e ﬁyd!r)%cfhl ori cﬁa ‘gsgmﬁ&he
{

- 4- et hyl (gﬁl@?«wn@ TD[WKD{W(I SE{npb) ofeccmpoquné il wasoat%isglzlf mlh,yﬂ bhﬁhyl }
am - t car bano t on
‘am Egi be uegnggéé Iﬁ%‘fqﬁsp Pr?)%ﬁ?‘n"&s ffo‘gd ﬂ%“ﬁ %ﬁl%@w %%ﬁhfﬁ%e @F);@orrpound

110 di sskyedl olibath. Mt Hf36T 385G thetineQla\Ridel. MRS, Q&%@ se and
alternating, - g sg | uti gn of MZEE?O tL %f E? NaSNaC]-I (aqueeous a{mﬁ_i(%n’\fl\“;vvater :

f ol | owedioys, and ﬁieutth@molaﬁleSWerﬂgre(rﬁJv&(Bbmh@)evaﬁoraﬁdin ﬂﬂh@S@ﬁnﬁlgl s8lid wak of
THF. The_vol at.i.l es were rqermved until_ a solid precipitate forned- and a-

clear sdlEOPGA. m‘WPéers"i'?Hdlﬁ dsdl ta<C Hosalit Rhpse setragtien soiungn. vids eolamieed in 25

di chl or thane

~ insol ubﬁg%h%?o uct ?Iﬁlﬁ}\ﬁ vvaéﬁéggf%a{& eypr%%‘%t}?ﬁls %f"?&?ﬁ‘o f8°"8 fi'te 24 ng
-of tbnpavfamishlaftervapdrdtiod diNhe (dlatilds( S sgldrepmsstd18m i no] sul fonyl ]

- 2-napht hyl ) carbanoyl ] am no} - 2- napht hyl )sul fonyl ] am no) benzenesul f oni ¢

aci d di wmﬂnéamﬂ‘*( fBabla 4) werp pchangi bw 12 sar¢ @pneralf pmoemmnad ‘112
dd di h nL of
hna 008 Hgitapa Thol oy e MRS o MBI 2 B R TS PR yis Rea B Y2 €7

place of methyl iodide and compound 48 was used in place of cornpound 13. Compounds

in Table 3 with acidic groups are shown in the free acid form.
20




at anbient tenperature for 2 'days. The reaction was acidified with 1. N
HG (aqueous) WO 00/71506 57 7 NOVEMBER 2003 PCT/ US00/ 14644 NOYEMBER 2003
organic volatiles renoved in vacuo. The solid precipitate was collected by
vacuum ig dorratgéon to afford 15 ng of conpound 114. net hylPCIV{S0TA4648 | uor en-9
yl met hoxy) car bonyl am no] - 2- napht hyl ] car bonyl am no) benzoate (conpound 109).
To 305 ng (0.75 mmol e) of conpound 181 was added 10 nL of chloroform 3.5
“mL of thionyl chloride, and 180 4L of 'pyridine. The reaction was all owed
to stir at anbient tenperature for three hours, followed by renoval of
volatiles by rotary evaporation. Thbla®sulting residue was stripped two
‘times fromchloroform Then, 50 niL of chloroform 124 ng (0.82 nmol e) of
met hyl - 3- am nobenzoate, and. 300 . L of pyri dine..were added. The reaction
was allowed to stir at anbie @ : eﬁ hours. The reaction -
was extracted twice with | JHEOWS ) N egwW=oh water. The dried
organi c. | ayer, (nagne5|un1sulﬂate) was“flﬁtered and the vol atiles renoved
by rotary evaporation. The ra&sulting residue was ffeated with nethanol to
forma solid precipitate thﬁt\va§ col |l ected by vécdhn1flltrat|on Thi s

-~ afforded 3 80 ny of conpounf 108. 15 methyl R

3-[ (7-am no- 2- napht hyl ) car bonyl am no] benzoat e (conpound 111). To 380 ny

(070 L) of r\nmﬁnnnrl 1ﬂQ was—added 30— of W%@_ﬂ of
THE angngﬂE“Bﬁ plperldPne Tﬂe res mtlng Iearegolutloh was “al | owed to
stir’f S TThen,thg 1Te LLIU WaS € LFB.C[GI!I] W thettyt cu.,eton e and
| N HCl (aqueous) Thﬁﬂﬂrleg_oor ani c F&yer magnesi um su fﬁé il'tered
and the volatiles ne g vacua. The 20 fesulting res Y |s<olved
i n di chl or omet hane {and nL'of 1 NHO in diethyl ether | and mL off
di et hy[—etn Wer.eé iadded §0 form BeCpL t at € Jmai= Col Tecieed by
vacuuh-fiIL?g?ion; APFE?K%WVth ?ﬁ?g prgkljed 712 égg%f cdﬁgyﬁmdwfll as
the hydrochl orideisal et hyl | - ' S :
3-[(7- {i\i—(ioéi\‘r[S-(uethuxﬂ,dl' 0 & trt

1 ' o 2-aphthytgcarhanoyl |
25 an1no]-2-naphfh3r)§? b t%{anlnof enz§;t< F?%Eg%d% 113%LE§§F21 my (0.07
SS

mol e)| of conpound I ved in 2 nL of THE and 1 nL oOf t ePMwas
added, | portionwi se; and™alitCernating, a solution of 112 Lj of flaOH.
‘(aqueonsy—mt—nt—of~water—fottowed—by =a sotutiomof—28 g~ (0—16—mvl e) of
triphosgene in 1 niL of THF. The reaction was acidified with IN HCL and
the volatiles were renoved until a solid precipitate -fornmed 30 and a cl ear
solution. The solid.was collected by vacuumfiltration to provide 21 ny of
corrpound 113. 7 NO\/EI\/BER 2003 WO 00171506 PCT/ USO0/ 14644 58




3-[ (7-am no- 2- napht hyl ) car bonyl am no] benzoi ¢ acid (conpound 115 To 51 ny

(0.16 ol e% of  conpound 111 was added 1 nL of nethanol, 17nN EMBER 2003

and 800 YHP 9¥F1599 N |i t hi um hydroxi de (aqueous). The react i /U484 oved t o

*stir for 16 hours at anbient tenperature. The pH of the sol ution was

-lowered to 3 with IN HCl (aqueous) afd the 5 volatiles renoved in vacuo.

The resulting. solid was suspended in water and col |l ected by vacuum

filtration. This provided 16 ng o;!ﬁxco 'é)gnd 115. 3-({7--[(N-{7-[N

(3-car boxyphlgnyl ) car banoyl ] - 2- nap r@ ar banyl| )am noj - 2-

' napht hyIthe s @M1 BeRE P16 wafd HnlleeirBe HadrdidH) rnmol e)
rrﬁgund gdi“Sﬂ di ssolved in 2 rrL:g’of THE and d}ﬂ@ OPTBQ?A%L?%%\;\%%&%

portl onReassicarftheme M.t er nat | ng, a solution of 40 }rL of. 5 N NaCH (aqueous)

in 0.2 niL of water followed by a sol ution of 4.y (0.02 nrnole) of

-tri phosgeng .2 m_fof THF. The ion wa,s.d.ne’am difi h I'N HC and
the vol afy Hr e ABYEd,i nhwagm%@ml Fo—wers ool
~filtration to provide™cay of coftpound 1l6.  THEEonpouhds 112411
that were prgpared by the procedures,descri Hé@ove 15 are indi
)

Tabl e 4_ Conpounds with acidic groups are sh n the free acid form
"Table 4 200 0. 1 NN.S=O HHI_ HN i Conpound 112S03PiiEH3 $3:18H-CO2CH3
-114- - SG3H 116- COL . ' NO\/EI\/BER 2003 PCT/ USOQ/ 14’64’4 Exanpl e
6. The corrpounds eS| zed according to [t hgRs ocedures.

outlined in Reacti @«I"B " dicbdgelr=H 118 Ry fnoc )
NaQH

herre _

Ynoc-d NaO—| _ ,
112 R = S03PhCH | @e Ho

NaOCH; (113 R =COWCH; : : - HaN . ©

H,0 7
‘ 114 R=50;Na

110 R = SO;PhCH;

111 R =C0O,CH;
mphosgcne
——————————— - 115 R=C0,H .
o PTG e :

CO,H  COpH

116

| Reaction Scheme V-
7~()‘Zuoren-9—yloxycarbof;ylamino)naphthalene-2-carboxylic acid (107). To 0.7504 g (2.70 )
mmole} of 7¥aminonaphtha]ene-2-ca:boxylic ‘acid (106; prepared -according to. the

| procédme in Harrison, H.A. and Roylé, F.A.J Chem. Soc., 1_926, 34) was added 10 mL
10 of dioxane, 5 mL of 10% sodium carbonate, and 35 mL of water. To this clear solution
was added 0.786 g t2.97 mmole) of 9-fluorenylmethyl chloroformate, pbrtionwise, over

- 15 minutes. After 3 hours, the reaction was acidified with IN HCI and the resulting white
precipitate was collected by vacuum filtration. This solid was suspended in diethyl ether
and stirred to give a fine precipitate that was collected by vacuum filtration. This

15 provided 0.948 g of compound 107. |
| 4-methylphenyl 3-{] 7—(ﬂuorqn—9—ylo:g)carbonylamz'no)-2-naphthy?]carbonylamino}' _
| benzenequbnate'(compoynd 108). To 104 mg (0.026 mmole) of compou_xid 107 was.
“added 6.5 mL of chloroform, 1.3 L of thionyl chloride, and 100 pL of pyridine. The

reaction was allowed to stir at ambient temperature for 3 hours and then all volatiles were




K2C03, DMF, 110 C NaG3S- v v -N N' -SG3Na 1. PCC13 2. nethyl 5-am no- 2-

hydroxyhcnzoate OS | . ZZN | 11 WWi =0 HN R tri phosgend NQYEMBER-2093
5 HO~00- -OR? NNRL R1 122119 R i npiperidine 120 Rt = H R = CH3 ) Na
03. Na2SHMRO306 —H R2=HDMF. Reacti on Schene VI PCT/US00/14644

7-((2-[(7-sul fo-2-napht hyl )am no] et hyl } am no) napht hal ene-2-su fonic acid,
di potassium salt (conpound 117). To £04 g ( 9.15 mmol ) of :
7- am no- 2- napht hal ene -sul fonic acid 10 (conpound 1) was added 50 nmi of dry

e R R A e B S b oL 5.
dib : ' , 80 C f
0 br ol spantas g6, fealogh ol et IO b pLaE0, . o

t enper apéigdphehg! 3 a8 fitbienbeheshifsstd RofpB e 5 Pidded Eu e 0SPhinefit e by vacuum
filtration and washed with 15 net hanol. The crude product was purified by

© silica pwidiooksiasolutionmi dgnk pifighlosefdrm. Thet iegdticmcrdsallevied dpstopanol : wat er ) .
Thi s_ provi ded 596

g1t hoRPPIRE BRI 6 SO Pt oS e DEGLRBES betasre Fipp) Jetate
o bomrhan oy by DR A SR Ral <2y HRD. 106 Gy 520 o
of wat ethe RatdedweRFempved inseduoTiearehidtiag tesidibevas tRatettlwitf didihgkaha was
| added' 11?(‘1 ;[hgisilig E)irercripGiga"te collected by vacuum filtration. This provided 110-' fng of |
compound 108. | '
10 4-m'ethyl;ohenyl 3-{; ﬁ-amz_‘no—Z-naphthstulforgzl Jamino}benzenesulfonate (compound
- 110). To 104 mg (0.16 mmole) of cdmpound 108 was added 9 mL of THF and 360 pL of
piperidine. The fesulting clear solution was allowed to stir for 6 hours. Then, the reaction
was extracted with ethyl acetate and IN HCI (aqueous). The dried organic layer
(magnesium sulfate) was filtered and thé volatiles rémovéd in vacuo. The resulting
15 residue was dissolved‘in dichloromethane and 3 mL of 1 N HCl in diethyl ether and 50
mL of diethy! ether were added to forma preciﬁitate- that Was collected by centrifugation.
After drying, this provided 75 mg of compound 110 as the hydrochloride salt.
4—methy@henj}l 3¥[ ({7-f(N-{7-[({3-] (4-methylphenyl)oxysulfonyljphenyl}amino)-
' sulfonyl ]-Z-naphfhyl}carbamoyl)amino ]—Z-haph}hyl}su{fonyl)amino Jbenzenesulfonate g
20 (compound 112). To 75 mg (0.17 mmole) of compound 110 dissolved ,iﬁ 3 mL of THF
and 1 mL of water was édded, portionwise and altcmatiﬁg,_ é. sc.)'lution of 280 uL of 5N “
- NaOH (aqueous) in 1 mL of water followed by a solution of 54 mg (0.18 mmole) of
triphosgene in 1 mL of THF. The volatiles were removed until a solid precipitate formed
and a clear sdluﬁon. The solution was decantea and the solid was dissolved in
25 dichloromethaﬁc, and evaporated 3 times. This produced a dichldromethane insoluble
product that was collected by vacuum filtration to provide 24 mg of compound 112,
3+ [ (7-{[N-(7-{[} (3;sub‘opheny0ahzino Jsulfonyl} ~2—naphfhyl)carbamoyl ]amfno}-Z-
naphthyl)sulfonyl Jamino} benzenesulfonic acid disodium salt l(compound 114). To 20 mg
(0.02 mole) of compound 112 was added 1.5 mL of 137 M sodium methoxide in
) .. 30 | methanol, 1 mL of water,- and 0.5 mL of THF. The resulting solution was allowed to stir

at ambient temperature for 2'day5. The reaction was acidified with 1 N HCI {aqueous)




7 NOVEMBER 2003 WO 00/ 71506 PCT/ USO0/ 14644 60 hazy sol ution was added 290
.mg (1.1 mol) of 9-fluorenyl methyl chloroformate (FMOC-C) TPNOMEMBER2003
After 2 Wowog}isoanot her 260 ng (1.0 nmol) of FMOC-Cl was -BOTiBS06adai4t he
“reaction was allowed to stir at anbient tenperature for 12 hours. The
-volatiles were. renoved by rotary - evaq_ﬁratlon and the resulting solid was
dissolved in water and |yophilized i's crude product was used w t hout
further pyrification. methyl S-{({7- f(fluoren
yl net hoﬁa the (orgepie| YRlgtERs gerymﬁ%t Hb ¥gguon- The7sqlidy mﬁlyaatéx\yaszcoﬂected by

(et hoxmgﬁ,ggqﬂ#gtp&e@f%% ‘{ﬁ@é}'@%ﬁ; nap hthyl)]carbonyl anm no)

et hyl ) - ‘carbonyl am no ny ) am no] - 2- hydroxybenzoate

'(conpouraﬁlerﬁﬂ:%)(ﬁwﬁdrbn-%ﬁmt ?gemuﬁﬂaﬁz%gwwh chaBnAaReH) 15 L of

phosphorous oxychloride. This suspensi on was al I'owed to stl rat anbi ent
_t enper atgnzodtotcoppobnd189). The0yeng WS surmieirnd compeersl WGuvaschdded b0 #00 nl of

Tt ek e e I S R e

overn ) te.
ouer ! et WEHdbiI Tl L ERBI NG ko S gL e, T

.mmol )  ofbymretany EvdpoaationoT Re rebblting desiduehenzamdpped awd tiddes lfroaf c}ﬂwt)m-tme in 15
m. of T The reaction_was_allowed to stir at arrbl ent tenperature for 12

hours. THEn dmL ofiPhiprefosmy 74 me{882uemaiss af metyl-3asuncheazopiel andi1 00 . The

ic lray, I d til b
o ary. oS Siial ool et B P anfBe Bt SBF co i
* chr prat qgmnfsy mb Wdctign Wiak hx@a&ec%mé wahaN H(ll QigSeue) SARINRERGth WalkS
provided 116 ng 20 of conpound 119. net

h
2- hydr oxpesiried orgqniolayprin@gnasinpantig) sag ﬁgcm@mmeb@lwﬂeﬁptmugdd]m no) -
~.sul f ony

othyl )ak%‘ﬂt}]zt%%ﬁﬁélﬁth% FellRths ridus v TopisH Y Beps) i SRR 956) o 99 my
(0.08 cipifke ARMRAY B ILER Bﬁﬁ@acﬁﬁgqgtrghéﬂ— T8fs A2or¥d 388/nY0 o kxgatohﬂg 50f

pi peri d| ne |n THF. The suspension was allowed to stir at a
tenperatl@®e for 24 hours. The reaction was partitioned between ethyl

t I d d s filt d, d th
Vol lt .F@gfﬂg’é ot e &%ewé%eﬁfce%%@mtéy)p'm Bewwy
il
3: clhfgr met glgllrltlgmz g%ﬁ%ﬁ&g orre'?'?:ano d@gdméh?g}%}?e@ ane %mﬂﬁﬁg\;ﬁded 64

ng of CaﬂquUﬁﬂL 32 Bipedidine. The resulting clear solution was allowed to stir for 3 hours.

5- 7- 7- 3- car boxy- 4- hydr oxyphenyl ) ani no] sul f onyl
(2( ,Jl:] gp ht 911, ébgrﬁ{egét an was ext)r/acted ¥v1th et%x/;)l ace%/ate) and lN] HCl (aqu}elogs) The dned

“et hyl 2- ht hy.l ) J y.d b d d
Tory. ) TSRER e BRbie iy Sl I AT 1t bR G g tﬁ”E?ES |
sodp®mm Qéﬂkbhﬁiga&:ﬁdug wRIOVEMRGE %ngmn%ﬁ&%@ 33@/0@$Q@Ht4%éxe%d &8, ]I[Tg

SOdI um hydrosul fite (Na2S204), and 2 nL of DMF. The reaction F owed to

and 50 mL of diethyl ether were added to form a precipitate that was collected by .

7 vacuum ﬁltratton After drying, this provxded 212 mg of compound 111 as the

: hydroch]orlde salt. _
methyl 3-{(7-{[N-(7-{N-{3-(methoxycarbonyl) phenyl ]carbambyf }-2-naphthyl)carbamoyl]

25 amino}Q-naphthyl)carbonylamino /benzoate (compound 113). To 21 mg (0.07 mmole) |

of compound 111 dissolved in 2 mL of THF and 1 mL of water was added, portionwise

- and alternating, a solution of 112 pL of 5 N NaOH (aqueous) in I mL of water followed
by a solution of 28 mg (0.10 mmole) of triphosgene in 1 mL of THF. The reaction was

“acidified with 1IN HC! and‘the volatiles were removed until a solid precipitate .formed

- 30 andaclear solution. The solid was collected by vacuum filtration to prowde 21 mg of

" compound 113,




stir at anmbient tenperature for 22 hours. Then, the reaction was extracted
with ethyl acetate and 1 N HCl. The. organic Iayer was dr i ENOVESRBER 2003
filtered,  and the volatiles renoved by rotary evapor ati on. The product was
puri f i edWDyWOTEsfér se- phase HPLC (C18, 5 250 “x 20 nm col unRETEIS 644
trifluoroacetic acid (TFA) buffer system (Buffer A 5% acetonitrile, 95%
wat er, 0.05% TFA; Buffer B: 95%aceto§%trile, 5% wat er, 0.05% TFA, 17

nmL/ m n; 0-50% B in 10 min., 50%B for 17 mn., 50-100%B in 20 mn).

- Fracti ons _containing the roduct wer e conbi ned and Iyo hilized to provide
24 my of3 £O7n%wﬁd2-n j_hyl)fgrbonylammo]benzozc acid (compound 115). To 51 mg (0.16

5;2.(EJd[ai’;)ofea.{Jg&%w%?@%ﬁzm oA RIS e b s and 8P ey
(conpoungN Jiltddh hyﬁﬂ;;@derr@qﬁ&m@)l Thmcho@twag Qmwzewﬂ) stik4dr mhc?ursﬂat Qﬁm@f&t ur at ed
- sodirum car bonate  and of  water was added 3 ng (0.0

triphos gexm@emtlssoThﬂanchrf e Solntion fwas Tkiered rtopi/wvnh IN“H-EC!a@quemmhamwaennde
over _a peri reaction e 15 i nconpl et-e hy HPLC,

: of--lg_m' n. TE @/a jud
“so arlot hefat e%r%w(e B Y& § resplting;sglid 98 Aesh Flisl & Wetogpndrpeliestcdipge. added
as beforg, @i%xtfﬁ{ragon ?ﬁ_&r Owtdgglgg%c(;fic HPWd ff4 di fied with 6N HJ and. a

preC|p|tate or nmed suspensi o rozen and | yophilized. The

~resul ti ng(EOf(N Wae-(3- dm%sg}phe@l)carldjnw]n%aphrhjzlpmﬁeﬁwﬁp@fzinap-et onitrile and
purified by reverse hase HPLC (C 18, 250 _x 20 nmm col um)_using

t rifl uortspleplisahor am?erﬁewf ewdsgfgmemlr(cédfl%r'rm 102@195 a%emmiet)r@ﬂ e, 95%

wat er 0 05% Tk uffer 9 /o 5% wat er 5% TFA: .19
L/ r ni n; % %’Bﬁﬁés RsYgedi, i rl(f%‘ldOfwatere’fastaﬁgecgé’gmoe’avlieo@ﬂound

1122.10Co rmewmé 2§sdwc$orp<5fatw@6f bw ﬁa@Hr(h{;l%ro RO HICoBRALENIBVA] b?‘ét li ned
in Reaction Schene VI. NOVEMBER 2003 00/ 71506 62 Table 6 0 0o° A N N

S=0 HN soh%tﬂﬂ)’@@f{ﬂ@’@nmﬂ)mfmmhﬁsgdn&m@ 2 slpefnPHE. The @eaqnou neksl29 was
prepar edac?é; ﬁ 1t|111911\tl ?{Cq €f\lgeu{fo ati ‘é§ Lviepceldemior\]re e gztic!u%n T}Sn(e: solrgawas collected -

by vacuum filtration to provide 9 mg of compound 116 |

The compounds 112-114 and 116 that were prepared by the jﬁrecedures described above

15 are indicated in Table 4. Compounds with acidic groups are shown in the free acid form.”

Tab_le 4

SO0R 08,
0=3§ NJLN S5=0
! H H ] .
RUNH ) HN\©/R

Compound : " R

112 | - SO.PhCH,
113 | | COCH,

114 | - -SOH

116 T COH

20




Compound 126 was prepared from commercially avail abl e 3-sul f obenzoic acid
_using standard procedures known to those skilled in the art/. NOMEMBER|2003
SnCl 2 NGROMGI713d8N 125 . 2. pyridine NH2 126 3: triphosgeneCTAstiA@844 THE
4. 2N NaOH N -N -NHHH10 128 R=OCH3 129 R=CH Reaction Schene VII.

- napht hal ene-2, - 7-di ami ne (conpound 1?@. To 1.39 g (6.37 mmol ) of 2,7-

di ni tronapht hal ene (124) was added 25 ™nlL of concentrated HClI and 15.nL. of
ethanol. 15 Then, 9.6 g (50.9 mmol) of tin (11) chloride was added and the
reaction was heated at 78 C for 24 hours. The reaction was.nmade basic with
NaOH and extracted with ethyl HZI%N- gtacet'ate. The ethyl acetate |ayer
was dried (MgSH4), filtered, and t WL i | es renpoved by WO 00/ 71506 63 7
“NOVEMBER120 ' t rified
by o1 1T o gaT At 2 R AR Ser st ARRLAUIRe Al NS (qitfia
_di chl or dtezictiemBchehte ¥1.provi ded 0. 965 g of conpound 125. net hyl ‘

- 3-{[(7-am no- 2- napht.hyl ) am_no] sul fonyl } benzoat e (conpound .127). To 277 ng

(1.19 mmol) of und 128" war added 30 THE. 900 pL of
pyri di ne ando5 30 Wi wef suliglane was o Hi snsBspefisdoga. A sol ution
of 307 my (1.31 mmol) of conpound 126 in 10 nL Bf ¥HE was added dropwi se.

The reaction was allowed to stir at anbient tenperature for 14 hours. The
reacti on was extracted with ethyl acetate (2x) &M:”Im{g. lwce et hyl
~acetate | ayers were discarded. The aqueous | ayeh?Rage &pasFE with

' 1. POCHy
o 2. methy} S-amino-2-

hydroxybenzoate
SO02 a0, < S 0~ L08
) ]
0=§ NTTN §=0 Na;C0;  o==§ N N s’_—;o _
] _/ | } R Ry |
NH HN NH HN
HO’; . : \@OH HO’? ' @\OH
0% 0H . . HO™SO - 07 0R, . ROTO
' 122 ' ' 119 R, =fmoc, R;=CH,
) piperidine
. 120 R; =H, R, =CH,
5 - : ' ' ' 121 R;=H,Ry=H ) DazC0s. NagS:0s,

Reéction Scheme VI o _
7-({2-{(7-sulfo-2-naphthyljamino Jethyl}amino)naphthalene-2-sulfonic acid, dipotassium :
salt (compouﬁd 117). To 2.04 g { 9.15 mmol) of 7-amino-2-naphthalene sulfonic acid

10 (compound 1) was added 50 mL of dry DMF. The stirred suspension was heated at 110 C
and then 1.4 g of potassium carbonate was added followed by 400 pL (4.6 mmol) of 1.2- -
dibromoethane. The reaction was kept -at 110 C for 18 hours, and at 80 C for an
additional 18 hours. Then, the reaction was allowed to cool to ambient temperature. The
resulting insoluble precipitate was collected by vacuum fiitration and washed with

15 methanol. The crude product was purified by silica gel column chromatography (6:2:1
ethyl acetate:isopropanol:water). This provided 596 mg of compound 117.
7—((ﬂudren—9-ylmerhoxy)-N-_{2-[(ﬂubren-9-ylmerhoxy)-N-( 7—Su{)’0(24haphrhyl))—
carbonylamino] ethyl}carbonylaﬁainq)naphthalene-2-su{fom'c acid, disodium salt
{compound 118). To 2597 nig (0.47 mfﬁdl)of compound 117 was added 25 mL of water

20  and 20_7 mg of sodium carbonate. Then, 20 mlL, of di"oxane was added. To this stirred,




NaOH and then extracted with ethyl acetate. The ethyl acetate |ayer was
then extracted 10 with water at pH 2.6 until no nmore startidgN BER 2003
(conpound 125) was detected in the organic layer. The ethyl acetate |ayer
~was t herwdpi/eidog \pSO4); filtered, and the vol atil es renovedThsiepices y
evaporation. The resulting residue was dissolved in ethyl acetate and .
treated with IN HCl in diethyl ether.6 he resulting solid was collected to
yield 48 ng of conpound 127 as the hydrochloride salt. 15 nethyl
3-(([7- ﬁi(gq[:f;-( [ 3- (et hoxycar bonyl ) phenyl ] sul f onyl ) am no) - 2- napht hyl ] am no)
car bony ﬁ@illi@nn&fpht&dﬁbddﬁmm}g 1flo mpinph oz Gaffieoremdmethyh cchl@8formased _
3-{ [ (7- {5 — 3
([(3- ca&%@%ﬁ%?ﬁ%ﬁs&nﬁﬁe&% Piyrs-panoth 360 38 QopEebb e FMOE 3. napht h
1) - amAdEuhd 8 ldachan 4ok GRSl (CQEPRULGIlEbmoloid? 18 1600k R! ) Of

I sodi um bl car B

conpound 127 was added 8 nL of nat e and THE to

- give a obhalesswératremoved by 20taFhevaparated dhd die AbulidgNBlid Ovakldiseslel iaf
triphosgene in 0.5 nm of THE was added dropw se. HPLC anal ysis showed the
react i onvargand heophiized e This crufistireducs svasgsest withoutfuskyenafivatioradded . -

R e e e R R e AT e R TR e K e

the vol @hblnBsychRESyD)BREMEREN 159 SNRAPRIAN . j ul'ting residue
' (corrpou?g 25@128) \J/iég tre]gIt ed }vvi ?%mz’)ﬁ Na%—l. ﬁgpbrdgggﬁlgﬁeag@al | owed to
stir at cartorelaminaidrenphityp)sutfonyliominel+2sydiinelenzodre (eotpatindd 1 YaToallj ust ed
~topH1 }Nith 6, N HCL, 'S‘?r}f ]faq@rec' it%te foFlme . The sqlid was_collected by
vacuum PF BerBEpFust compoRet 1 a%@ﬂp i Ptk of @hospPIavs oxpeede d§isaphy to
pr oy de, AHHR 29, @}@%% / CT/ US00/ 14644
64 ganﬁ%%eggog}%gg unsyyn&r;&grtﬁc%é ggé%ou S t%%g-gﬁ%%\g%%rgeﬁ%eﬁgeglgged accordi ng
to the gespensibnwas poeddoas P00 milneftcé. A fReakd ico meliel et yMidv st whdhe
synt hesi s_of conpounds_136 and_ 137, The various _am nes used in place of

conpoun8olestedevasupiliatioy and wag spehed with wgtesdlhesolidiwassinigd imvacts, t hat i s
AT RS EAMGPIOR deie nBA B e PO b (50) 0% 3
: added 3 mL of THF followed by a solution of 72 mg (0.43 mmol) of methyl 5-amino-2- '

15 hydrdxybenzoate and 41 uL of pyridine in 1.5 mL of THF. The reaction was allowed to -
stir at ambient temperature for 12 hours. The reaction was partitioned between ethyl
acetate and IN HCI. The organic layef was dried (MgSQ,), filtered, and the volatiles |
removed by rotary evaporation. The resulting solid was purified by silica gel column

_ chrbmatography eluting with 0.5 % methanol in dichloromethane. This pro\"/ided 1.16 mé ';

+20  of compound 119. - | - | | . '
methyl 2-hydroxy-5-({7-[ (2—{[ 7-({[4-hydroxy-3-(methoxycarbonyl)phenyl Jaminoj-
;fulj"onyl)-(é’ -naphthyl) Jamino} ethyl)drﬁina ] (2-naphthyl) }sulfonyl) amino ]benzoafe
(compound 120). To 99 mg (0.08 mmol) of compound 119 was added 9 mL of a 5%
(v/v) solution of piperidine in THF. The suspension was allowed to stir at ambient

25 témperature for 24 hours. The reaction was partitioned between ethyl acetate and IN
HCI. The érganic layef was dried (MgS0,), filtered, and the volatiles removed by rotary
evaporation. The product was purified by silica gel column chromatography eluting with
1 % methanol in dichloromethane and then 2% methanol in dichloromethane. This

_ provided 64 mg of compound 120. | -

30 S-({f7-({2-f(7-{[(3 —c;,'arb biye4 -hydroxyphenyl)amino Jsulfonyl} (Q;ﬁaphthyl))bmiho /-
ethyl} -amino).(.Z-naphthyD]swfahyl ) amz‘no)-E-hydroiybenzoic acid (compound 121). To

64 mg (0.08 mmol) of compound 120 was added 20 mL of saturated sodium carbonate,




-~

H2N OH k NH2 SCN SOBNa IS (see Schene 11) Reaction Scherme VIII 135
7- (acet yl ani no) napht hal ene-2-sul foni ¢ aci d sodi um salt (confdNQYEMBER 2003

3.75 g w0 dobPsog "ol ) of 7-am no-napht hal ene- 2-sul foni c agi ound 1)
-was added 20 nmlL each of pyridine and acetic anhydri de. Thgelrr@assc fl?‘gll’?lt was -
-allowed to stir at anbient” tenperature for 24 hours. The black reaction

- was cooled in an ice bath and then 450k of nethanol was added sl ow y.

After -1 hour, a solution of sodium nethoxide (425 ng of sodiumin .10 nL

met hanol %6 maof sddiedh hydrayubf mNt@F_@a)I AT, JBMVFUTRERSLA5 W@:?Salf]o@«eﬁlt«!) owed to
mrtil

stir for 2 hours and then the solid was collected by vacuu tration and
was  wasHedt wimthenst tayiperabat foe 22 Touss. fhew, thededctibngwad eceapaiuniih L8641

ol ) oreRaim g Y AHC B e 1867 HEs g So ook yedtbs vilatieThen, 4
o1t b o e bty BTG Bt Lo
i ce. SAF 1250 't 26 inoe chlathniyaistrediriflioheicetd held RITPQ) [ouifrek Sydes (Balkeal o, by
vacuum fil t rat,ieonsgnd was washed with water. After  drying in vacuo, this
pr ovi dedC3ORI o PO Cotiisl N >¥8 TFApBulten Bo 95% acetopitgle, 534 vater, 0gies dFne, '
S ARy s Bty DR e ot 5 T
NOVEMBERoRf(ting the product were combined and lyophilized to provide 24 mg of compound '
121 ' _ . '
10 5-[({7-[3-(7-{{(3-carboxy-4-hydroxyphenyl)amino ]sulfonyl} (2—napkthyl))~é-
oxoimidazo'lidinyU-(Z-naphthyl)}sub'onyl)aminb]—2—hydroxybenzoic acid  (compound
122} To 8 mg (0.011 mmol) of compound 121 in 2 mL of saturated sodivm carbonate
and 2 mL of water was added 3 mg (0.010 mmol) of triphosgenc- dissolved n 0.5 mL of
THF, dropwise: The addition was made over a period.of 15 min. The reaction was judged
15 incomplete By HPLC, so another 4.5 mg (0.015 mmol) of triphosgené m 0.5 mL of THF
- was added as before. After 2 hours, the reaction was acidified with 6N HCI and a
precipitate formed. The suspension was frozen and lyophilized. The resulting solid was
dissolved in dimethy! suIfoxide{wa_ter/acetonitrile and purified by reverse-phase HPLC
(C18, 250 x 20 mm column} using trifluoroacetic acid (TFA) buffer system (Buffer VA:
20 5% acetonitrile, 95% water, 0.05% TFA; Buffer B: 95% acetonitrile, 5% water, 0.05%
TFA; 19 mL/min; O-IOQ% B in 20 min). This provided 1 mg of the desired compound
122.

Compound 123 was prepared by a similar synthetic sequénce as outlined in Reaction

Scheme VI,
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5- ({[ 7- (acetyl ani no) ( 2- napht hyl )] sul f onyl ) ani no) 2- chl or obeA2NOYEMBER 2003
(conpound 132). To 15 g (0.087 nol) of 5-am no-2-chl orobenzoic acid was

di ssol vew o140 nL of THE and 15 nL of pyridine, The sdawisnyiwesd cool ed
to 5 Cin an ice-water bath. Then, a solution of 20.8 g (0.074 nol) of
conpound 131 dissolved in 200 nL of E‘Z‘E was. added over a 10 m n period. ,
~The, reaction was kept at 5 C for 30 n, and then allowed to warmto room
t enperature. The r.eaction was allowed to stir for an additional 4 hours.
 Then, the reaction was filtered to Fabmée some insoluble material and the
resultlng clear filtrate was reduced to g sglid-by the renoval of the

vol atiles by rotary evapor%tl ' P extracted with ethyl
acetate and | N HCl. Thegeidry R 2 ag=f4ir t her 10 extracted with
0.5 M NaCH (once) and O. 33 M NaO-l (t‘h.r_ee times l The aqueous |ayers were
conbined, acidified wt H and back extract o ethyl acetate. After
drying (l\/gSO4) filtr n, and renoval of the acetate by rotary
"evaporation, the sol i esi due was dissolved in 2][8 ® of 50/50

met hanol/_vvat er - with heafing. The solution was ad d to cool to room
“tenperature and a smal |l anpbunt of solid was renmpbved by 15 vacuumfiltration
and di scarded- The clear filtrate was allowed to sit for 48 hours and then

was refdu in Vv p@Pout 500 MLyby rotary evapgyatiom T1he-sotnd was
col l ected by vacuum filtration.. After drying in vacuo, this provided 17.6
g of cpmpound 132. 122 OH

5-{[(7-am no(2-napht hyl))sul fonyl jam no).- 2-chlorobenzoic acid {(‘Orﬂ)ot nd
133). [To 20 13. 5 g (@3/032 nol ) of corpound 132 was §é|ded 100 nL of 5N
NaOH. Fhis—sotut+on—was—heated—at—50—€C—for—8hoturs—Fhen—the—+reaectf on was
acidified wwth 86 nL of 6N HC and extracted with ethyl acetate. The ethyl
~acetsate was washed with IN HCl, water, and- brine. The organic |layer was
dried (MSO4), filtered, and the vol atrles removed by rotary evaporation
to y| eld 11.3 g of corrpound 133. Fzampihyd '

Tol 140 EBetopbad 38 N prot el Aot Eomohe Gt Py i Sarne e Mot was
adde 5éttg?¥pu9& 186 NdChrep el RIANSpnuldL AL U HHIAN0 3"‘@&@%&%‘{\@%&0@5 i

anbi ent erature ours e rea tion was I nconplete, soO I
heat ed sthnd=d procefnes kiovesith thoseskilled ihaher®wt. -Then, the volatiles vvere
removed by rotary evaporation and the resul ting solid was 30 extracted W th

et hyl acet d 0. 4. Ncsodi u r bonat’e®™ Wt er an ganr c
layer wagy SO&y, 1 L& . t(pe %ol til eﬁu
evaporation to yield 8.71 g of corrpound \%3 NOVENMBER 20(3‘3 /71506

66 PCTI USOQ. X#644 net hyl 125 - OCHs 1
2-chl oro-5-{{(7-isot hi ocyanat 0(2 napht hyI )) fonyl]a g1 benzoate
(conpound 135). To 4.5 g (11.5 nrml) -of corffound 134 mn Grp1 g (50.6
mol ) of 1,1'- 7 4.2NNaOH S

k@* >\©»L

_ 128 R = OCH;
10 ' 129 R=0H

_ - Reaction Scheme VII-
naphthalene-2, 7-diamine  (compound 125). To 139 g (637 mmol) of 2,7-
dinitronaphthalene (124) was added 25 rmL of concentrated HCI rattd 15 mL. of éthanol.
15  Then, 9.6 g (50.9 mmol) of tin (II) chloride was added and the reaction was heated at 78
' C for 24 hours. The reaction was made basic with NaOH and extracted with ethyI

acetate. The ethyl acetate layer was dried (MgSO‘,):, ﬁlter'ed, and the volatiles removed By




t hi ocar bonyl di i m dazol e was added 50 nL of THF. The solution was allowed to
_stir at. anbient tenperature for 1.5 hours. Then, the react TONONEMBER 2003
“into 300 WQ0pT1Ses hyl 5 acetate and extracted with I N HCl, RGEYES00/1464d bri ne.
*The organic-layer was. dried (MySH), filtered, and the volatiles renoved
“by rotary evaporation, to yield 4.77 ggof corpound 135.
3-[({7-[(({7-(([4-chl oro-3-(nethoxycarbonyl ) phenyl ] am no) sul f onyl)

(2- napht hyl ) J- o ' y . . :
‘ani no} - t AP8R0 KB Ths) Prpdrgigas purified St mlirs el oy siromejtogmplsnesul f o

i Ssof vasHes TP Y B i ReMind T BBl oo 5 S BSOS o
conpound Mhﬂlm-ﬁ{%n@ﬁo—ﬂ%phﬁg@agﬁ?@ﬁﬁ%@@}b@%ﬁ E@muh@ I3Y). "rTRb 7R ent

tenperature. After 4 days, t was renoved y fotary evaporationh and
“kept undét-1Ringhol) o sompeend Bfoves addad 88 mf oDVHF. Them,900hd. of pwaidihé hmd)

residue was {reat Wth dichl oronet hane (50 nl). an nicated to forma 15
suspensi ﬁﬂmiﬂ? S‘élg-&iaﬂe, Wlaﬁg‘é)cfeg_t)tf’ FWG’_&?“’%&/&% SB‘HLP%@? é§95‘§3 aa}:]u{ﬂ’ﬁlog of
filtrati @BmpdiB150i @ myes TS ¥edd fd W?éehﬂ?!reda%ﬂgn Wagudp {Ees{:i?g{‘o! was
removed by fotary evaporation. The resu tpl ng solid was again treated with
di chl or ometbian esmisoaiieaioe d4 hamd. Tl degeriondvds)extraaedwith dthyltacatieanx) I S

provided 172 of an orange solid._ 2-chloro-5-{((7- ([(5-hydroxy-
7- ([ (3- sUMNdbh |eﬂ@fhaﬁ@1ﬂ§3%febﬁmr)f dispardahkheyadyseirn lpywswas zoade basic with

00 g, FEOID b P AYel Wit HRIIA 1AL R B Sl BT BRY Bledd - T°
f ol | o@ved vith Witerrht gH 2.6TudE aBGndke ﬁiartﬁi;% lh@taﬂﬂ%&ﬁg&deM)w%{e%d\ﬁﬁ%h@' | oved

to stir at anbient tenperature. for days. HPLC anal ySi s-indicated that
t he reacrergsmoNayerc dhpkedybacetie layet wed thes dwed EMgSehh idtrdarly and thervolatiles

eva ti th si due. di lved.in I N Na | t 25 0-5 C.
The eactHBRARY 1Y SPRPiqtE b SR g et At LRSI SR Aes At iRt 1 o
warmto peoeiviePe tRtIus %ieﬁwﬁreﬂ?er.hmrésuﬂﬁges&ﬁp&aé a1e Rl Ul Lrgéég] wtglaneg Lftered

through a 0.2 .urn nylon filt'er to renove sone cl oudi ness. reaction

pH was adpmgowdl 127 asbbmhyc_ttochlmii@%aﬁN HCI . The resulting solid precipitate
The oL 18-G5 rdbronpagmd pheagdratm ovive) Gnehdeterane;
B e e
ere ' pYABAusbphdDsiAfonE @RIy A9k NN BnA aNMENBEBHAH3
PCT/ USO0/ 14644 procedure as for the synthesis of conpound 18, as depicted
i n React RBrodeiiomsl) | henzoicaeig deameround Ié{ﬁbﬂ“@ 43 mg (h! heneil Lolomposnd A27 shown
in the f Was aggeidck rfn P I\-I/iqst()nldﬁlrn?bi%arb%%ate and 0.5 mL of THF to give 2 clear solution. -:
20  Then,a sol_ution Vof 33 mg (0.11 mmol) of triphosgene in 0.5 mL of THF was added
‘dropwise. HPLC analysis showed the reaction was incomplete so another 33 mg of
‘. triphosgene was added dropwise. Arfter_‘HPLC analysis showed the reaction to still be
incomplete, a third batch of triphosgene was added. The réaction was judged cornpllete éo :
' .th‘e: volatiles were removed By rotary e\;'aporation and the fesulting'reéidue (qofnpour.id |
25 128) was treated with 2N NaOH. The reaction was allowed to stir at ambient temperature
for 14 hours. Then, the solution was adjusted to pH 1 with 6 N HC, and a precipitate
formed. The solid was coliécted by vacuum ﬁltrati.(‘)n and puriﬁcd by silica ‘gel column

ch:ofnatography to provide 16 mg of compound 129.
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ExainpleS.

- The unsymmetrical compounds 136«1_45 were prepared according to the general
R procedures outlined in Reaction Scheme VIII for the synthesis of compounds 136 and
137. The various amines used in place of compound 18 were prepa:réd by the general

5  procedure for compound 18 that is outlined in Reaction Scheme II.

. ’ 1. Acetic anhydrlde '
~ . pyrdine (130) . /O
: 2 I
0sS NHs 2. POCI, (131) HaN $=°
3. pyridine, S-amino-2-chloro HN.
1 benzoic acid (132) - 134
4. NaQH, 70+C (133) C : o]
5.MeOH, H 07~0CH,
&; thiocarbonyl
. . diimidazole ;
7. DMF (136)

8. CH,l '
S OO n_ INNaOH - § @O ,,
O== s s (o R o-—s NH, SCN s—o

, N | N '
S0gNa 137 7 07 CH - S0O4Ma 18 135 07 0CH,

(see Scheme II)

_ | Reaction Scheme ViII
7;(acef}llamino)naphthalene—.?—sulfonic acid sodium salt (compound 130). To 375 g -
10 (16.8 mmol) of 74amino-naphﬂ)aleoe—z—suifOnic acid (compm_md 1) was added 20 mL
| eaoh_ of pyridine and acetic’ anhydride. Thc_: reaction was allowed to stir at ambient
tefnperatufe for 24 hours. The black reaction was cooled in an ice bath and then 45 ’mL of
methanol ﬁ)ﬁs added slowly. After 1 hour, a solution of sodium methoxide.'(425 mg of
_ godium in 10 mL methanol) was added. A precipifate formed. The suspension was
15  allowed to stir for 2 hours and then the solid was collected by vacuum filtration and was
washed with ethyl acetate. This provided 4.4 g of compound 130 '
N-{7-(chlorosulfonyl)-2-naphthyl ]acetamzde (compound 131). To3.6 g (12 5 mmol) of
compound 130 was added 100 mL of phosphorous oxychloride. Then, 4 mL of -
' dimethylacetamide was added dropwise. The reaction was allowed to stxr at ambient
20 temperature for 5 hours and then was poured onto 2 L of ice. After the ice had melted,
the solid precipitate was collected by vacuum filtration and was washed with water. After

drying in vacuo, this provided 3.4 g of compound 131.
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3-(¢ff 7—(_aéetylamino)(Z-naphthyl)  Jsulfonyl} amino)-?-chlorobenzoic acfd {compound
132). To 15 g (0.087 mol)l of 5-amino-2-chlorobenzoic acid was dissolved in 450 mL of
THF and 15 mL of pyridine. The solution was cooled to 5° C in an ice-water bath. Then,
a solution of 20.8 g (0.074 mol) of compound 131 dissolved in 200 mL of THF was
5 added over a 10 min period. The reaction was kept at 5° C for 30 min, and then allowed
 to waﬁn to room temperature. The reaction was allowed to stir for an additional 4 hours.
Then, the reaction was filtered to remove some insoluble material and the resulﬁng clear
filtrate was reduced to a solid by the removal of the volatiles by rotary evaporation. This
solid was extracted with ethyl' acetate and 1 N HCL, The ethyl acetate layer was fu_rthef
10 extracted with 0.5 M NaOH (once) and 0.33 M NaOH (three Vtime-s). The aqueous layers
N were combined,r acidified with HCl, and back extracted into eﬁiyl acétate. After drying
(MgS0,), ﬁltration, and removal of the ethyi acetate by rdtary evaporation, the solid
. residue was dissolved in 2.8 L of 50/50 methanol/water with héating. The solution was
allowed to cool to room temperature and a small amount of solid was removed by
15 vacuum filtration and discarded. The clear filtrate was allowed to sit for 48 hours and
tﬁen was Vredu_ced m volume to about 500 mL by rotary evaporation. Thé solid was
collected by vacuum filtration . After drying in vacuo, this provided 17.6 g of compound
132. | | |
3-{{(7-amino(2-naphthyl))sulforyl ]aminb}—Z-chlorobenzoz‘c acid (compound 133). To .
20 13.5 g(0.032 mol) of compound 132 was added 100 mL of 5N NaOH. This solution was
heated at 50° C for 8 hours. Then, the reaction was acidified with 86 mL of 6N HCl and
extracted with ethyl acetate. The ethyl acetate was washed with IN HCJ, water, and
brine. The organic layer was dried (MgSQO,), filtered, and thé volatiles removed by rotary
evaporaﬁon to yield 11.3 g of compound 133.
25 -methyl 5-{[¢ 7—amino(Z-napht!;yl))sulfonyl Jamino}-2-chlorobenzoate (compound 134). To
10.1 g (0.027 mol) of compound 133 dissolved in 250 mL of methanol was added 50 mL
of 4 N HCl in dioxane. This soiution was allowed to stir at ambient temperature fo_r 18
hours. The react_ion was incomplete, so it was heated at reflux forkan additional 5 hours.
‘Then, the volatiles were removed by rotary evaporation and the resulting solid was
30 extracted with ethyl acetate and 0.4 N sodium bicarbonate, water, and brine. The organic
.la'yer was dried (MgSO0,), filtered, and the volatiles removed by rotary evaporation to

yield 8.71 g of compound 134.




PCTI USOQ/ 14644 146NH2 HHH 0 S \~SN OH \ OCL H2 1471J HHH 0 O —~ |
-1 OCl 148H N H20HHH oS OM C 149H NH2 H2 OHHH o s N~N \\ 70“@4\(5@!@5&@003
150. OHHH O - N. ~ b i _

WO 00/71506 PCT[USOO/I4644

66

| methyl 2-chloro-5-{[(7-isothiocyanato(2-naphthyl})sulfonylJamino}benzoate (. cdmpound
| - 135). To 4.5 g (11.5 mmol) of compound 134 and 9.01 g (50.6 mmol) of 1,1’-
thiocarbonyldiimidazole was added 50 mL of THF. The solution was allowed to stir at
| ambient temperature for 1.5 hours. Then, the reaction was poured into 300 mL of ethyl
5 acetate and extracted with IN HCl, water, and ‘brine. The organic layer was. dried
(MgSO0,), ﬁltered and- the volatiles removed by rotary evaporation to yield 4. 77 g of |
compound 135.
3-f({7-[({{7-({[4-chloro-3- (methoxycarbonyl)phenyl ]ammo}sulfonyl)(Z -naphthyl) ]- |
ammo}-thzoxomerhyl)ammo]-4 -hydroxy-2- naphrhyl}sulfonyl)ammo Jbenzenesulfonic acid
10 (cbmpound 136). Td 170 mg (0.39 mmol) of compound 135 dissplved in 5 mL of DMF
was added a soiution of 100 mg (0.25 mmol) of compound 18 in 5 mL of DMF. The
reaction was allowed to stir at ambient temperature. After 4 days, the DMF was removed
by rotary evaporation and kept under high vacuum to remove traces of DMF. '_I"hen, the
tesulting residue was treated with dichloromethane (50 mlL) and sonicated to form a.
15 suspension. The solid, insoluble pro.duct was collected by vacuum filtration. This solid
was dissolved in methanol and then the methanol was rernoved by rotary evaporation.
The resulting solid was agam treated with dlchlorornethane, sonicated, and collccted by
vacuum filtration. This provided 172 mg of an orange sohd ,
2-chloro-5-{{(7-{[ (S—hydroxy-7—{[(3-sulfaphenyl)ammo]sulfonyl}(2~napkrhyl))amino J- §
20 carbonylamino}(Z—Haphthyl))sulfonyl]a}nino}benzoic' acid (compound 137). To 100 fng
(0.1-2 mmol) of compound 136 was added 15 mL of acetonitrile followed by 10 mL of
THF and 1 mL of iodomeﬂlanc."'l‘he reaction was allowed to stir at ambient ;tempera;ure
for 4 days. HPLC analysis indicated that the reaction was corﬁplete. The volatiles were
_ removed by rotary evaporation and the residue was dissolved in 1IN NaOH (aqueous) at
-25 0-5° C. The reaction was kept in an ice bath for 30 minutes, and then allowed to warﬁl to
room temperature over 2 hours. The reaction solution was filtered through a 0.2 um
nylon filter to remove some cloudiness. Then the reaction pH was adjusted to about 1
with 6N HC]. The resulting solid precipitate was collected by vacuum filtration. Thisf.
provided 60 mg of compound 137. _ . - R
30  The coxﬁpounds 138-145i (TaBle 7) were prepared by the same general procedures as
described abové for the syﬁthesis of compounds 136 aﬁd 137 except that different amines

- were used in place of compound 18. The amines were prepared by the same general
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procedure as for the synthésis of compound 18, as depicted in Reaction Scheme II.

Compounds in Table 7 with acidic groups are shown in the free acid form.
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The compounds 157-168 were prepared according to the procedures outlined in Reaction
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70 C for 18 hours, followed by 24 hours at 80 C. Then, additional NH3 gas
.was bubbled into the reaction for 4 min. The reactionwwas JeNPMEMBER 2003
heati ng WO ®018éconti nued for an additional 51 hours. Thearushei4seacti on
“tenperature-was..lowered to 65 C and conti.nued for 11 days. At this point,
-the reaction had reached 70% conpl eti gy based upon HPLC 5 analysis. The
reacti on was stopped by renoval of the volatiles by rotary evaporation. The
pr oduct vvas purified by silica gel colum chromatography eluting with 3%

met hanol - d b(yHa/o me 1 n sdi oret hane.
e et ey T

cﬁ:t:

Finally, ¢ ™ was sceTut e .‘
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free acid fap WO 00/ s 0auCl  Cf NOVE 3003  PCT/'US00/ 14644 Agnpound
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Reaction Scheme IX
methyl 2—chloro-5;[ (£7-f({[7-({] 4;chloro—3~( methoxycarbonyl)phenyl Jamino }sﬁlfonyl)_( 2-
5 naphthyl) Jamino }thioxomethyl)amino J(2-naphthyl) }sulfonyl)amino Jbenzoate (compound
157). To 3.0 g (7.68 mmol) of compound 134 was added a solution of 4.0 g (9.24 mmol)
of compound 135 in 200 mL of dichloromethane. The reaction was allowed to stir at
ambient -temperatu:re for 48 hours. The fine, white solid was collected to give 5.2 gof
'comp_ound 157. '

10 methyl 5-({[7-(1-aza-2-{[7-({[4-chloro-3-(methoxycarbonyl) pheny! ]amzna Jsulfonyi) (2-
naphthyl) jamino }—2-_merhylthzovmyl ) (2-naphthyl) Jsulfonyl}amino)-2-chiorobenzoate
(compound 158). Td 1.0g(1.21 mmél) of compound 157 dissolved in 50 mL of
acetonitrile was added 1.1 mL ‘qf methyl iodide (17.7 mmol). The reaction was allowed
to stir under an argon atmosphere for 72 hours. The volatiles were removed by rétary .-

15 evaporation, and the resulting yellow solid was extracted using ethyl acetate and IM
sodium carbonate. The organic layer was washed with 50/50 brlne/water followed by
brine. The organic layer was separated and volatiles removed by rotary evaporation to
yield 0.95 g of compound 158.
methyl 5-({{7-(2-amino-1-aza-2-{[7-({{4-chloro-3 -(methoxycarbonyl)-phenyl J-amino -

20 sulfonyl)(2-naphthyl) ]ammo Winyl)(2-naphthyl) ]Sul_'ﬁ)nyl}ammo) 2-chlorobenzoate
{compound 159). To 220 mg (0.24 mmol) of compound 158 was added 10 mL ofa0.5 M

NH,; solution in dioxane. The resulting solution was placed in a sealed tube and heated at




WO 00/ 71506 PCTI US00114644 72 Exanple 10. The conpounds 169-181 (Table 9
were prepared according to the same general procedures out /i NOQYEMBER 2003
Reaction Schenes |I--and Il and described for conpounds in Table 1. The
conpoundvO-0arisue- napht hal ene- 2-sul foni c .acid was used i n ptaasowmissgonpounds
1 and 2. Table 9 Conmpound #RRO H OH H OH 169~-N E\ \\ ON O OO 170H a H o |

. OCH3N OCH3 1710 O N OH+4 | OH 172eM eOVe 1730HOH 174~~ CO2MeN COZMe
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70° C for 18 hours, followed by 24 hours at 80° C. Then, additional NH, gas was bubbled

into the reaction for 4 min. The reaction was sealed and heatmg at 80° C continued for an
additional 51 houi‘s. Then, the reaction temperaturé was lowered to 65° C and continued
for 11 days. At this point, thé reai_:tion had reached 70% completion based upon HPLC
5 anél-ysi's. The reaction was stopped by removal of the volatiles by rotary evaporation. The
product was purified by silica gel column chromatography eluting with 3% methanol in
dichloromethahe followed by 5% methanol in dichloromethane. Finally; the- pfoduct was
eluted with 90:2:1 ethyf acetate:isopropanol:water. This provided 117 mg of compound
159. |
10 5-{{(7-{2-amino-1-aza-2-[(7-{{(3 -carbo@-# -chlorophenyl)amino Jsulfonyl) (2~naphth3;l) )-
amino J-vinyl}(2-naphthyl))sulfonyl Jamino}-2-chlorobenzoic acid (compound 160). To 50
mg | (0.062 mmol) of compound 159 was added 10 xﬁL of IN NaOH. The -resulting'
.solutio.n was allowed to stir at ambient temperatufe for 1 hour. The reaction was acidified
to pH 1 using 11 mL of IN HCL A white precipitate formed, which was collected by
15 vacuum filtration and was washed with water. The solid was dried in vacuo to provide 45
| mg of compound 160.
The comp.ounds 161-168 (Table 8) were prepared by the same geﬁéral procedures as
described above for the synthesis of compbunds 157-160 except that othef ainines were
used in place of ammonia. Compounds in Table 8 with acidic groups are shown in the-gl

20  free acid form:
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15 DMF was added to the THF suspension to forma clear sol ut| on. This

sol ution was added QH OH to the DMF sol ution of conpound 187 NOVEMBER,2003
t he product was purified by reverse 7 NOVEMBER 2003 WO 00/ 71506 74 .

PCTI USOROIBsb6phase HPLC (C 18, 250 x 20 rum col umm) usiREF/6$M0f1k64ér oacet i c
acid (TFA) buffer system (Buffer A: 5% acetonitrile, 95% water, 0.1 % TFA;
Buffer B: 95% acetonitrile, 5% water 72 0.1% TFA) to give 16 ny of conpound
["C]-15 with an activity of 55 nCilmmol. The nanmes of the conpounds
prepared according to the general procedures described and 5 whose
'structures are indicated in Tabl eBxampledfe |isted in Table 10. Conpounds
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hydr oxynapht hal ene- 2-sul fonic acid
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tert-butylpyridine
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Reaction Scheme X

4c)-15

[14C]-3-{[(4-hydroxy-7- {[(ih}droxy_ 7-{[(3-sulfophenyl) amino Jsulfonyl}(2-naphthyl))-

amino Jearbonylamino}-2-naphthyl)sulfonyl Jamino } benzenesulfonic acid ‘(compound -

[*CJ-15). To 51mg (0.013 mmol) of compound 18 dissolved in 1.7 mL of DMF was

- added 58 pL (0.026 mmol) of 2,6—di-tert—b£1tylpyridinc. Then, in a separate test tube with

15

13.6 mg (0.020 mmol) of imidizole in 1.7 mL of THF, was added 36 uL (0.007 mmoi) of

[“C]-phosgene (20% in toluene). This formed a white solid. After 2 min., 1.7 mL of

DMF was added to the THF suspension to form a clear solution. This solution was added

to the DMF solution of compound 18. After 4 hours, the product was purified by reverse-
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cyanovinyl}amino}(2-naphthyl)]amino}suifonyl}-2-chiorobenzoic acid

167 methyl 5-[({7-[((1E}-2-aza-1-{[7-({[4-chlore-3-{methoxycarbonyl)pheny [lsulfonyl Yamino)(2-
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_p_e,__n;gcn) mpl e 11 P- cyt nnl as kinase. donmain (CKD)
on _assay 1BIThe |nsul n S|anallné0 athway is_activated

on of thelPAsulin reteptor.. A mhjdr conponent of this

activation is the phosphorylation of a specific
call ed the 3-ki nase domai n.
insulin receptor (CKD) was expressed in,

CKD

Whole-cell phosphorylation assay:

Example 12

portion of the receptor
The conpl ete (3-kinase domain of the
and purified from bacul ovirus.

hunman

" The irﬁtial_ step in insulin. signaling is phosphorylatiép of the insulin receptor in

response to insulin binding. NIH 3T3 cells overexpressing human insulin receptor - |

(3T3HIR) were grown for 2 days at a density of 2x10°/ml cells in 6 well culture dishes in

* DMEM with 10% FBS and L-Glutamine. Prior to the experiment the cells were serum-

starved overnight with DMEM with 0.1% BSA. The following morning, the cells were

10

washed with PBS and the medium was replaced with 150mM NaCl, 1.7mM KC!, 0.9mM

CaCl, K,HPO, (pH 7.4), to which were added either the experimental compounds, or

their vehicle (DMSO0). Insulin or its vehicle (0.01% BSA) was diluted in the assay buffer

(containing test compound or vehicle, respectively) to a final concentration of 2.5aM.

After incubating for 15min, the cells were washed with cold PBS twice and lysed in

15

50mM Tris. HCI, pH 7.4 150mM NaCl, 0.25% sodium deoxycholate, 1% NP-40, imM




(4.09/m), in a solution of 29 mM HEPES (pH 7.6), 0.05% Triton X-100., 10 nmM
10 MgCl 2, 2 nM MiCl, (501 final volume), was conbined with SONQVEMPER:2003
51Ci SZWOMDﬁléiﬁOOOO/mmI ). A test conpound, or the vehbcrasimigget hyl

*sul foxide (DVSO)) was added to a final DVSO concentration of | % The

-m xture was incubated for 10 mnutesgat roomtenperature. .The reaction was
termnated by the addition of 10 | of ~ 200mM EDTA. A 30pl vol une was

renoved, e of 6X Laemmeli sodi um 15. dodecyl sulfate (SDS)
treat nen?%qé"mlt@ﬁgp‘ &Yl Y@a@él@/lfw El:ﬂgf'mhﬁ?ﬁ@sOf Apting, Leupdritiguatt was
then runp e i.hcor d into the CKD
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"’ count i ngsupbrrakmts exed &stiehaBRANGS protbig dbﬂ&ﬁﬂ%ﬁoﬂﬁ&aﬁ@ﬂpgﬂg?@ (fg r si ng

phosphoryl ati on was e&gessed as % of the vehicle le s for
t hi s assppledrwith e DISnP 4GBl sample bberofer 2mmimabd end]loﬁndpmmd%/ﬂSDSVi ty vs

" Cont rzol 152.9118 1196 7 .NOVEMBER 2003 WO 00/ 71506, PCT/ USO0/ 14644 80
19157 FATE ol i e o s N%S&@‘&t%ﬁaz@ plar ygight sBoG=d 40130
41109 42124 7689 77171 89104 94.279 :
After completing SDS-PAGE, the proteins were. transferred onto Immobilon-P

membrane and Western analysis was carried out by mcubatmg the blot with anti-
phosphotyrosine antibody and developed by Enhanced Chermlumlmscence (ECL) as
Shown in Figure 1. Shown in Figure 2 is the increase of autophosphorylatlon by

10 Compounds 13 and 15 at various concentratlons

Example 13
Glucose transport activity assay. . _
Stimulgtion of the insulin receptor leads to the_ transport of glucose from the
15 blood into cells, thus modulating blood glucose levels. 3T3 L1 fibroblasts (ATCC) were
grown in D'ulbecco’s modified Eagle’s medium (DMEM) with 10% fetal bovine serum
(FBS). The cells were plated at a density of 3 x 10 cells/well if} 24-well plates. Two days
after ‘conﬂu_ence was reacﬁed, the cells were tre;atéd for 3 days with 0.5mM
isobutylmethylxanthine (IBMX), 1pM dexamethasone, and 1.7uM insulin. The CEHS'.;
20 were then transferred to DMEM with 10% FBS and supplemented with 1.7uM insulin
for 2 more days. The cells were maintained in DMEM with 10% FBS for an addifional 4
days. Finally the cells were senun-starvcd overnight in 0.1% bovine serum albumin
" (BSA) in DMEM.
The following day, the m?dimn was replaced with 150 mM NaCl, 1.7 mM KCJ,
25 0.9 mM CaCl,, K,HPO, (pH 7.4) to which were added either the experimental
compounds or their vehicle (DMSO). Insulin or its vehicle (0.01% BSA) was diluted in
the assay buffer {(contaiming test- cornpound or vehicle, respectively) to final
concentration of 5.6 nM. After incubation for 30 min at 37°C, 5pCi/ml C-2-deoxy-D-
- glucose was added, and the incubation was continued for additional 30 min at 37°C. The

30" cells were then washed 3 times with ice-cold PBS/20mM glucose and lyéed n 250u] of
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phosphoryl ation assay: 5 The initial, step in insulin. signdl NQYEMBER 2003
phosphoryl ation of the insulin receptor in response to insulin-binding.

NTH 3T3wodol7ss0ever expressi ng human i nsul.in receptor (3T3CTASMARG4Gr OWN
for 2 days at a density of 2x 105/m cells in 6 well culture dishes in
DVEM wi th 10% FBS and L- @ ut ami ne. %Eor to the experinent the cells were
serum starved overni ght with DVEM wi { 1% BSA. The foll owi ng norning, the
cells were 10 washed with PBS and the nedi umwas replaced with 150nmM NaCl,
1. 7V Kegbis b@l’@h{\ﬂm‘-‘@ Hepeag b @b, (1381 Tritay X-1 80wlor 9 minr ot tadde teraperdiare. t he
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' (0p01%r%§{;& ﬁ?ngi?ﬂﬁqéﬁtq Yiag fantife s'yﬁﬁ’?’?}slé lo?ﬁ%ﬁit%m ng test conpound or
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Tris. HCCBIucﬁ&d Fardpdid sy vhdxalGre, PoRitiosado uhe anouyichfodadioactivitp WRhd OysaterM WO
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mM RaF, The epgcentrationtpf spmppest nmeﬁsmx&p@@ppma@mreasep%gmcpsﬂ trarisport &9 |
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| oaded into 7.5% SDS- PAGE al'ong wi th Amersham rai nbow mar ker prot el n as a
mol eculracorded ghthesE@tﬁcféﬁOdve Abn@antrabmp)L dhe mepuBpBre AGEm trh'é‘alpic d2eShsrmer e

transferrfd ontt‘ rane and Western anal %}13 was . carried out

by i ncuBatieH§ ?Sevﬁlﬂtﬁkeahylc lﬁhﬂsb‘mﬁ‘?rw Frtrahions rgeted v oped by
Enhgnc &IHd'H;r &6 8 1sECL) , as. Shown in Figure 1. Shown in Figure 2
(S theq?%rg?ease aut og osphoryl.ation by 10 Conpounds 13 and 15 at

vari ous concentrations. Exanple 13 d ucose transport activity assay.
Stinmulation of the insulin receptor |eads to the transport of glucose from
the 15 blood into cells, .thus rmd"EFBlellr?g bl ood gl ucose |evels. 3T3 L1
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(FBS). The cells were plated at a density of 3 x 10" cells/well in 24-well
_plates. Two days after confluence was reached, the cells wdrNOMEMBER 2003
3 days wwohoGifeM i sobutyl met hyl xant hi ne (| BI\/D(), 1 p. M dexansbhegene, and
*1.7Minsulin. The cells 20 were then transferred to DVEMw th 10% FBS and
-Suppi emented with 1.71V1 insulin for § nore days. The cells were

mai ntained in DMEMwW th 10% FBS f or additional 4 days. Finally the
cell's were serum starved overnight_ i n 0. 1% bovine serum al bumin (BSA) in
DMEM The fol | ow day, the nedi um was repddced with 150 mM Nad, 1.7} nM
KO, 25 0.9 nMGag8l 2, K HPO4 (pH 7.4) to wWhpch were added ertner the
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for 30 min at 37d>'5G /M 14C 2-deoxy-D_glfitdse was added, and the

i ncubati on was cofZinued for_ additional 30|32n at 37C. The 30 cells wefe
then washed 3 tingé with ice-cold PBS 20mM[gPucose and Iysed in 250 of 7
NOVEMBER 2003 WO 86/ /1506 PCT7 USO0/ 14644 843 bysrs burter (bUFﬂVI I'IEpEb P
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is transported |nf the.cel] it is not rells F\(‘l GLLCOQF‘ transport i5,

t herefore, proporitonal to the amount of raHl oactivity in the lysate. {5
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transport to greagsr than 15.0% of the vehieize control {(generalTy
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(effective concentgati-err The fesuts ar-ershowA—-n—Table 12 Shover |
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Example 14

‘Effect of Wortmannin and Cytochalasin on glucese uptake: _
, | The glucose transport pathway stimulated by insulin involves activation of PI3
5 Kinase. Wortmannin is a selective inhibitor of PI3 Kinase and inhibits insulin-stimulated
glucose transport. 3T3 L1 adipocytes were pretreated with 100nM. W&tma:min and
~ stimulated with the compounds in the presence or absence of insulin. Wortmannin
~ inhibited the stimulation of glucose transport, measured as in Examplé 11, by either
Compound 15 alone or.Compound 15 plus 5.6nM insulin. Insulin-stimulated glucose
10 transport is mediated by glucose transportér proteins. Cytochalasin Bis an inhibitor of -
glucose transporters and inhibits insulin;stimulated glucose uptake. Like Wortmannin,
Cytochalasih B (IO;JM) aiso inhibited the stimulation of glucose transport, measured as
in Example 13, by 'eifher Compound 15 alone or Compound 15 plus. 5.6nM insulin.
These results suggest that the activation of glucose transport by the compounds utilizes
15 the insulin signaling machinery of the celis. Resuits are shown in Figures 4 and 5.
| Example 15
Immunofluorescence analysis of GL.UT4 mobilization in 3T3 L1 adipocytes
Insulin-dependent transport of glucose into cells utilizes gluc’:ose. transporter
proteins, such as GLUT4. Stimulation with insulin causes these tranéporfers to
20 translocate from storage sites within the cell to the celll membrane, where they facilitate

glucose entry.
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3T3 L1 adipocytes were grown and differentiated as in Example 11, except that

they were growﬁ on a microscope chamber slide, The cells were serum-starved with

0.1% BSA in DMEM for 16hrs and stimulated with 56uM Compound 15 alone, 100nM
Insulin for 1hr at 37°C. The cells were fixed with 3.5% paraformaldehyde for 5 min and

5 permeabilized with 0.2% saponin in 1%BSA, TBS for 5 min followed by incubation with
anti-GLUT4 antibody for 30 min at room temperature. The cells were extensfvcly
washed and incubatgd with FITC-conjugated secondary antibody for 30 min at room
temperature. The cells were washed, air-dried and mounted with mounting medium and

7 examined under confocal microscope (Stuart A. Ross er. al 1996, J. Biol. Chem. 271

10 3328-3332) |

As shown in Flgure 6, in unstimulated cells, the GLUT4 1mmunoﬂuorescence

was distributed throughout the cell (figure 6A). Following stimulation by msuhn

- GLUT4 was seen. primarily at the cell surface (ﬁgure 6B). consistent with insulin-
induced transiocation. Treatment of cells with Compound 15 also produced apparent
15  translocation of GLUT4 to the cell surface (figure 6C), consistent with its ébi_lity to

- stimulate glucose transport into cells in an insulin-like manner.

Example 16 -
Selectivity vs. EGFR, PDGFR and IGFR
20 | In order to determine the selectivit'y of these compounds for the insulin receptor,
| their effects on other receptors that share a similar mechanism of activation’ with the
~insulin .receptor' wére examined. Human epidermoid carcinoma (A431) cells were plated
ata densﬁy of 2X10° celis per well in 6-well dishes in DMEM with 10% FBS and L- |
_ Glutamine and allowed to grow to 75% confluence. Prior to the experiment, the cells
25  were sefum—starved overnight with DMEM with 0.1% BSA. The following morning, the
cells were washed with PBS and the medium was replaced with 150mM NaCl, 1.7mM
KClL, 0.9mM CaCl,, KZHPO-4 (pH 7.4), to which was added either the experimental
compound or its vehicle (DMSO). Epidermal Growth Factor (EGF) or its vehicle (0.01%
BSA) was diiuted in the assay buffer (containing test compound or vehicle respectively)
30 to a final concentration of 2.5ng/ml. After incubating for 15min, the cells were washed
with cold PBS twice and lysed in 50mM Tris.HC1 pH7 4, ISOmM NaCl 0.25% sodium
deoxycholate 1%NP40, ImM EGTA ‘ImM PMSF, 1mM Na,VO,, ImM NaF, lug/ml
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transport pathway stinulated by insulin involves activation of P13 -5 :
Kinase. WBI08/AE8hi n is. a selective inhibitor of P13 Ki nas@CAAHOW/MeidI t S
i'nsulin-stinulated glucose transport. 3T3 L1 adi pocytes were pretreated
w th 100nM Wort mannin and sti nul at edgh ith the conpounds in. the presence
or absence of insulin. Wortmannin inhibited the stinmulation of glucose
transport, asured as_in Exanple 11, by -either Conpound 15 al one or. .
* Conpoun@@ds 9| derefigmMLerRapinn ang nRepsiains t Thal cglledysatpsutvsse d@ifisdabyport i s
medi at e : se tf p er._proteins, tochal asin.B is. _.an inhibitor
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gl ucose transport, rreas_urgd a(s 0i(U'%S)Exarrpl e .13, by either &Qg{)ﬂé{ljeﬁ%uff% al one
or Conp&emadmis apd UsadedemMa i 3l SPS-PAGEsaEong swith sAmemshaastaiitoal nidiger
act i%at [ on of gl uclos tra&_fport %y t he conpounds utilizes 15 the insulin
si gmal i REPHRE RARYGCHH YHeslndard Resul ts are shown in. Figures 4 and 5.
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adi pocytes | nsul ioh#(q:l)etg%ﬁ%g%? t ra’n%s{%ol?t £ %g?sqg%cgg}g& Jf'ljrré% Ogie Frgnﬁpﬁ?rf'ges
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causes these transporters to 20 translocate fromstorage sites within the
cel |t oPhePhelresinfemptibody, anhedeveloped Padinhianaed Chymibusisisatcey (EQD).
00/ 7150 7 N@/ VBER..200 PCTI USOQO' 14644 3T3 LI adi pocytes were grown
and. di f?grgghsﬁra eogmalgl%ilﬁmﬁjanpl e 11, except that they were grown on a
m ci®scope CltaiRund!15dRd ndhRicrabd theV¥iHos lﬁﬁﬂéﬁbﬁto@rm ' Y. BPA in
DVEM f or 16hrsm§§d stimulated with 52.ﬂ{I\}IJCorrpound 15 a \c/)Hrllted,ﬂe E]%B%Tﬁe §nsul in
for | hr abgeng7ef EGRe Usiig modificatidris oé thisptdto@] ko pao afiasersiiltbahiidie 4@ras5 min
and 5 perpeahjlized with 0.2% saponin in | YBSA, TBS for 5 min followed by
i ncubat iWSHE %%%appéﬂ?’?@t?f WPsHit § %BBWO 3 ?@Siik WiE PrRfeletepiaesesy e The

cells V‘Eﬁ&pﬁ&@?&?ﬁ)h"cﬁ{ the insulin-like growth factor type 1 (IGF-1) or the platelet-derived
- growth factor (PDGF) receptors either-in the absence or presence of their endogenous
15 ligands (IGF-1 and PDGF, respectively). |

Example 17
-Blood glucose level determination in db/db-ﬁduse.
An accepted model for Type 2 diabetes which has been used to establish the §
20 Ppotential anti-diabetic activity of compounds is the db/db mbuse. Seven to 9 week old
malg'db-/db mice (Jackson Laboratories, Bar Harbor, Maine), were used.to the study of
the effects of compounds on blood glucose levels. Animals were kept in a 12i1/12h
light/dark cycle, and experiments were initiated immediately after the dérk period (7:00
am.). Food was removed at this time and retumed after the final- blood gluéose
25  measurement was taken. ' _
Insulin (0.5U/ml, Humulin R, Catalog HI-201, Lilly, Indianapolis, Indiana) was
| prepared by diluting 100U/mL stock insulin 1:200 with PBS (phosphate buffefed saline,
Gibco, BRL). Co_:ﬁpounds were prepared in a vehicle of either PBS 6r 20% DMSO. in
PBS. | S I
30 | Fivé to 10 animals (average weight 40-50g) were used in each treatment
condition. The animals were .injectéd subcutaneously with either 0.01U insﬁlin.in PBS or

PBS alone, followed by 0.1 mL of compound or its vehicle delivered intraperitoneally.




washed and i ncubated with FI TG conjugated secondary anti body for 30 mi n at
.room tenperature. The cells were washed, air-dried and nourft NOMEMBER 2003
nount i NGYOBET1LSe and exam ned under confocal m croscope (BIT/EHSW/AG44ROSS et .
‘al 11996, J. Biol. Chem 271: 10 3328-3332.) As' shown in Figure 6, in
-unstimul ated cells, the GLUT4 i munofg-tiorescence  was distri buted

t hroughout the cell (figure 6A). Follow ng stinulation by insulin, G.UT4

was see imarily at the cell surface (fiqgure 6B), consistent with
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pr oduce t : caiion_of 4 the cell surface.(figure
60) Coﬁgﬁg?gc{g?é‘ Wt #??‘%lé%%ﬁf?&egﬁgstqlgr%u-q%t%]%ﬁufé%e S FEh I tWi“%t’b cell's
in an i Huddnietéd 46d @mmrsmlﬁxga?dry 16 Selectivity vs. EGFR, PDGFR and | GFR
20 In order to determne the selectivity of these conpounds for the insulin
receptor, tHAderestingcdata ayn shewein Figuegstloarsl 9. 1o Figure Bableod ghicosd lavels
“mechani sm of. activation with th i nsul.in receptor were exam ned. Human
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ser um sievelssute oaperted gh thenpdrienbigeMfthe HO-GirkYo\BEAs al e fiok lpohithfhdigateai ng, the
cells te shed vvith'th’BS(&Ind t he medi um was replaced. wi th 150nM Nadl ,

1. 7nM  REYE G g%ﬁvr%él@ ifeqy peampaynd 713 plone (witiosh agded srpabin) entileed t he

exper.i ' st i DVRO).. idermml .Gowth Factor (EGF)
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twi ce al@MSYe#nd HssBmive &‘%.%pdpﬂm@@ﬁ? lewdsrit Nadbys OIS pointdialiowing
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and Pepsdeat thik cobious@l 15 AS & 88 iMRIiR-iBHSHehiidR tniher 36w HIEAH AR g 12000
rpm and the supernatants were estimated for protein concentr & 1on. Total
cel | |ykatk. (--20g) was boiled with 2X SDS-PAGE sanple buffer for 3min and
| o din a 7.5% SDS- PAGE al.ong with Amersham rai nbow narker 5 protein as
a ecul ar wei ght standard. After conpleting SDS-PACE, the proteins were
transferred onto | mobil on-P. m”ﬁiﬁﬂ?l Western anal ysis was carried out
by incubating the blot with anti- phoSphotyrosi ne anti body and devel oped by
Enhanc elo®eeing lofl blovidyiease, iaflin and Baglykérsdaria thhebbbi Molicdib@el 6f 10
Conpound 15 _did not increase the phosphorylation of EGFR in the presence or
absencel¥pe Ediabetesi ng nodifications of this protocol know to those skilled

in the art, ANother standard model of Type 2 diabetes is the ob/ob mouse. Male ob/ob mice .

20 (C57 BL/6J-ob) were housed 3-5 to a cage with free access to standard rodent chow
pellets. After one week , thiey were given a single dose of Compound 15 .(30mg/kg,'p.o.).
Compound 15 pfoduced a 13% decrease m blood. glucose levels, a 42% decrease in
plasma insulin levels, and a 15% decrease in-plasma triglyceride levels. The concomitant
reduction of plasma glucose and insulin levels are consistent with a reduction in insulin

25 . resistance. Results are shown in Figure 10

Example 19 |
" Blood glucose determination in the STZ/HED rat model of Type 2 diabetes
Representative cdmpounds were also profiled in genetically normal rats given a
30  high-fat diet followed by treatment with a low dose of streptozotocih (STZ/HFD). This
treatment regimen recreates both the insulin resistance and the hyperglycemia seen in

human Type 2 diabetes. Male CD rats (Jackson Labs, Bar Harbor ME) were maintained




wel |l as the appropriate cell types, Conpound 15 was |ikew se found not to
increase the phosphorylation of the insulin-like growh fact§OMEMBER 2003
(IGF-1) or the platelet-derived growth factor (PDGF) receptors either-in

t he absewmoeomrsopr esence of their endogenous 15 |igands (1 @etlusedthsi2PGE,
respectively). Exanple 17 Blood glucose |evel determ nation in db/db
nouse. An accepted nodel for Type 2 dggbet es.- whi ch has been used to
establish the 20 , potential anti-diabetic activity of conpounds is the
db/ db nouse. Seven to 9 week old nale db/db mce (Jackson Laboratories,

- Bar Har Benordingitad)TH \gurdelinss chaused ireo gtenaygofandtfod afhteshandal 1g9apounds on
bl ood gl se vels. Aninmals e kept_in 12h/ 12h |ight/dark cycle, and
exper i _mgﬂ%i@aq;g}e]lr%)qrﬂp{y; leé%n%ii?i*ﬁ% r%lpegi‘ll %ﬂSFse(SAB Aethsapmeshpogppirmenteda. m ) .
Food wag; hSlcikl AL ter-_the f.inal bl ucose
25 mone o et e pegae), AR itfd hidh PRk Bl SR S Bpuatng o
Lilly, bpoveigiaghighsfat diediliR). Wiier i QRAKLSt this dlétl el MemAQWdrabivet 5K

i nsg in_1:200 wi th PBS (phosphate buffered saline, G bco, BRL). Conpounds
wer e pr 8bgatien infreshiiepieppred gitreptazaiocinP@Sme/kR 09 \DWVBCantinu@Bsn thBFB. ve t o

10 ani ngl rage wej ght 40-5 e ed in each treatnment ‘condition.
The anrﬁlﬁ% %ﬁ% e %dt %&%ﬁ?ﬁ@(fgghgm}%@Wﬂ{dle\"?ﬁéﬁse 1051 Py the. in
PBS or :¢RBSf éleO B holOlis1Re BYc10. i o badeS e el i vered
i nt rape?i toneal | y. "0 00/ 7156 c18’7én7 o %%p%gggpgfg&%%g&)% 4‘9%13 ood
sanpl esmawedtq akwenageswith nd Seidavaliablienntil #ihoud aftentreatdient. af Keedonigd@nd
admnistra i.(in gg the drug or vehicle b)é tail bleeding. ducose L
measur efeFRLCIGEP RSt siten - by srvass ead blaed vasuempledsty appsoveBdp€iyC The

resyj ti [ i gd . tn Figure 8..bl oo ucose -
vl o PRIGR BeReCed O mkihod, DURERSE R Ml bt o e
phospha(Bayet|fBlklieg INal i ne  (PBS) only, insulin in PBS, or. with conpound
15" and insulin in PBS. The bl ood glucose I|evels are reported as the

per cent age of-orpeund1finyeduagd|areduetion incblppdrglusosnlevels dginaingchne Heugur e 9

"sh : f 15, al i thout added insulimn) on_ hlood
oi ucose i Aputaden GRTRASETing ol R st Loy of Decierstiean okt Dpor ni s
are shove ié&ul;ﬁoﬂfiv@ﬂrrﬁmarrfa@(%%wgﬁtgjs A} o ﬁmﬂﬁyﬂﬁomo?%d%%é&nﬁquound 15

_ to%et her with its vehicle ( insulin in PBS Bloo ucoseé’l evel s
at var i Sspetenmepef ather dostfoomils in thistnedd] iapnshoeintih@ablei 13h PBS al one are al so

shown for conparison. Fromthe data it can be seen. that conpound 15 acts

in an insulin-independent manner to-lower bl ood glucose |levels. 15 Exanpl e

18 o Table 13

Reduction in blood glucose levels in the STZ/HFD rat model after oral compound

administration (30mg/kg). Results are shown as maximal reduction over the time at

- 20 whichit occﬁrred.

Compound Number % Reduction in Blood Glucose / Time (h)
41 - 20/4
13 20/1
29 , 18/6
48 24/2
93 : 25/4
‘Example 20

Rat Muscle phosphorylation
Muscle 1s a particularly important tissue for taking up glucose frbm,the biood in

25 respohse to insulin réceptor stimulation. Activation of muscle insulin réceptors is,
therefore, an important fé.ctor in the control of blood glucose levels: STZ/HFD rats
prepared as in Ex_ample' 18 were given an oral dose 'c:)f Compound 15 (30mg/i<g), and

muscle samples were harvested at different time points (0.5hr, 1hr, 2hr, 3hr, 4hr, 6hr) and




Lowering of blood glucose, insulin and triglycerides in the_ob/ob nouse
.model of Type 2 diabetes Another standard nodel of Type 2 di MOMEMBER 20@3
- ob/ ob nOMO®Y/7M@Ee ob/ob mice 20 (C57 BL/6J-ob) were housedT®sbi/i4e44a cage
Wth free access to.standard rodent chow pellets. After one week, they were
-gi.ven a single dose of Conpound 15 (3@yn/kg,-p.o.). Conpound 15 produced a
13% decrease | n bI ood glucose levels, a 42% decrease in plasma insulin

| evel s, and % decrease_in plasm tr&g@zcerl de levels. The concom tant

reduct i n’(ﬁ’ﬁeﬂfl ?ﬂaeﬁﬁﬁﬁ% éufé%ﬁpw% Ticks-Helpil §.4al 20N a6l 625%sddiua
duct o 10 Ex |
6B oodehTtibBEd foRper fab BGHAC R R AN NG B ¥be Toerem et B

"Repr eserhélt bl &pectimeUnpee s betaisf Thedsdu h&@l\al@é %P[pr ALs
e

given a_ 30 hi %h fat diet followed by treatnment wth a Iow 0S
st r ept o28Kolr 0paT 2! Iq-ﬁf-b)andﬂm SURErTEgATIIE MieTe wedeﬁnrm&le;&b&sn hebtnttthgni nsul in

" t d th h T di abet Mal e CD
ot s (ot SRR s s e i el P st oM B go@cwe)
00/ 7150 S 4 H | h
cage, aﬁ%lﬂﬁ%églc&#hggog{égngg? 89{?&%%{}%6 [f\ﬂr elf?gl'!r? e Id[;gg Bﬁ?;%ﬁ%ét arres

"~ @ain, Samuanmnpléxas were tWshahtieectines supihe exthesbn Wffé? &A0HPls §1 ?ar s,
cooki es, g $ atq:chips such that their final diet contained 30%

wei ght (“P‘Ffeg “bhzé? SDSe) GEpfopding : bygfaneior Smain ath1®°Qi &he sampleaniaral s vver e

given a f d str tozot cin / kg, p.) and
“cont i nuge 3%@ Sé«nl nglr}E a?é]nﬁo a&l’ J% %WIIB%%FTIST%W‘Q% f0
380h@/dkndlﬁ:|u&ru&eghﬂsmnams study. At the end of the - .12-hour |ight/dark

cycle, and jUSt prlor to the experinment, the animals were noved to new
cages with né EJ the protains wete trabsfentdront. Imihébilearpound

hi d b| | ed by -
- 2ppr ovelte F&E&?&SWS%Q&%%&%%%% ohdRPLbging, S biRevdoetin ned
usi ng t BRosph é'%%Eﬁ{ee%nﬂ)dcfye and BaXel ogegl Waﬁﬁhanl:é\a Cmﬁfcme p{Eqﬂ‘ched a

reduction in blood glucose | evels begi nhing one hour
adm ni sFigaté A showspdatsCetpognd 16 protifedesnt |1m@e&ehmtgﬁtﬁaspﬁorylﬁﬁo@>69%é ment
h

ﬂ 1.1) The duction was maxi mal (20% 4 hours after the

i sisuitn dﬁ“afordz’mﬁom fiznerepurse; songigedovthcihat offbled glucesapaiunden i n t hi s
rmdel W—Eﬁj& ‘i‘? in Table 13. Table 13 Reduction in blood glucose levels in
the STZ rat nodel after oral compound adm nistration (30mg/kg).:
Results are - shown as maximal reduction over the tinme at 20 which it

occurred. Corrpound Nunber % Reduction in Blood d ucose / Ti me (h)
Example 21

Multi-_dosing in db/db mice

20 Male db/db mice 7 to 8 weeks old (Jackson Laboratories, Bar Harbor, Maine)
were given Compound 15 (Sémg/kg, p.o. )‘o.r an equivalent amount of ité vehicle (PBS),
as in Example 17, daily for 3 days Blood samples were taken by an JACUC- approved

. protocol (tail cap method) immediately before each dose or 3 hours later. Blood glucose
levels were measured using a Glucometer Elite (Bayer, Elkhart, IN). Blood glucose

25 levels showed little change two hours after PBS administration (figure 13). In contrast, |
compound 15 lowered blood glucose levels 2 hours after administration on each oflthe 3

days by 14 to 29%.




4120/ 4 1320/ 1 2918/ 6 4824/ 2 9325/ 4 Exanple 20 Rat Muscl e phgsphoryl ation
Miscle is a particularly inportant tissue for taking up gl uJo@Q\ﬁ MBER $@03
blood in 25 response to insulin receptor stinmulation. Activation of nuscle
insulinWYQe®pt8es is, therefore, an inportant factor in PREUEBHMkEE of

bl ood gl ucose levels. STZ/HFD rats prepared as in Exanple 18 were given an
oral dose of Conpound 15 (30ng/kg), apg - nmuscle sanples were harvested at
~different time points (0.5hr, ihr, 2hr, 3hr, -4hr, 6hr) and WO 00/ 71506 89 7
NOVEMBER 2003 PCT/ US00/ 14644 hormlg’gﬁrﬂlze in extraction buffer (50MM
Tris.HC pH7.4, 150mM Nadl, 0.25% Zdeoxychol ate, 190P40, 1nmM EGTA,
1mM PMSE, 1M Na3VO4l | mM NaF, lug/ M each of Aprotinin, Leupeptin and
 Pepst at MARlt-¢pgng in ST/ HERbtRat e was centrifuged at 12K for 30min at 4C,
~and the supernatants were saved. An equal protein anbunt from5 each sanple

i e j L~i . t ti f 2h t 4C,
Forl owed by SHAHED it Weld brBirka bW Ll 18 lm Al A0 Aol fu i Hlerd
| MunecamouaKes (e vehibhs (BBSY Was @ dhiimeerad 441t B$ tB& lokA ClobiRNaby fdoge ’c‘:)fa“d the

sanples were boiled in 2X SDS-PACE | oadi ng buffer for 5mn at 100C. The

sanpl e's 3@meée. rBipor\semplas wery t8en SpSnHAGY Giapprpved protouwd (tah aap tadtinkd)w
mar ker protein.as. .a 10 | ecul ar- wei ght standard, After c |.eting
SDS- PACERREIAIY HeBftR gl sy 1 & a8 G ey T STHLBRITD . R0 elHeosand
Vst er njARY ¥k iR EreaalsideefGRI i éB'ﬂaEls JIHQ%( t 79 Licose
- phosphot yr osi ne antirbeod; agnd deégﬁmc%e ?ﬁy nﬁ%nce @gm%%%r?? l{é%oég' (ECL).
" Fi gur e 1vekhalvbe tviehicleCoepied prbup Fel voduitie doarse iof cheagerinknphosip ikt i on of
the 15 insuli _é}g_f(}:ept r with a tine-course consistent with that of blood

[

gl ucose §OYEE therloyy deserof) STA(bgise d4p 1 Crmpeynd) b3 pdminisiragipn dowerede 20
Mal gy db ' t ( son.-l.ahor atories, . Bag Harbor. Mine)
verD g SERACEREste (vl (EEKE otk LI Sl BRRRRIaR: birB Hiroriters

vehi cl eadtiBRtratiodsandthizxenghag Was saaiihyd thesughodBs rerin@S o% e &ys\er e
taken by an | ACUC approved protocol (tail cap method) immedi atel’y before
each dose or 3 hours later. Blood glucose |evels were neasured using a
~Quconeter Elite (Bayer, Elkhart, Bagmplgl3od gl -ucose

Acute Toxicity
'Compound 15 was administered in PBS vehicle to male db/db mice (i.p.) and
15 male CD rats (p.o.) at SOOmg/kg, which is approximately 10 times its effective dose. No

acute toxicity was seen.

Example 24
g Al_nes Test (Compround 4)

20 - Compound 4 was tested for its ability to cause mutations in the histidine operon
of Salmonelia typhimurium strains TA89, TA100, TA1535, and TA1537, and at the
tryptophan operon of Escherichia coli strain WP2uvrA. These represent standard tests
for ﬂle mutagenic potential of compdunds and are collectively called the Ames Test. The

N compounds were tested at non-toxic doses (50 to 5000ug/plate) in the absence 6f
25 exog.er_xc')us activation and in the presence of induced rat liver S-9 plus cofactors. Under
the conditions of this study, the compounds did not induce any significant increase in the _
number of revertant colonies for any of the tester strains and .were, therefore, judged
negative in the Salmonella zyphimurium/E_shcer_ichia coli Plate Incorporation Mutation:
Assay. | |
30




25 level s showed little change two hours after PBS adm nistrati figqure
A3). In contrast; conpound 15 | owered bl ood gl ucose | evel 57%98&@55%3903
adm ni stweatbemsoen each of -the 3 days by 14 to 29% 7 NOVENMBES02@E WO
00/ 71506 PCTI USOQO 14644 90 Exanple 22 Multi-dosing in STZ/ HFD-rats STZ/ HFD
Tats were prepared as in exanple 19. npound 15 or an equival ent: anount
of the vehicle (PBS) was administered daily by the oral route at a dose of
5 30nmg/ kg. Bl ood sanpl es were taken by an I'ACUC - approved protocol (tail
cap method) immediately before edenidedSand 4 and 6 (day one only) hours
| at er. | evel s were neasured using a G uconeter Elite (Bayer,
- HE khart?@ﬁl}q?mrﬁgt?%ﬁood glucose levels of the vehicle-treated group fell -
“over they GBS Gaftfwdyh Eore ¥RAIHaHBA ofa8m i B! ody! g, figm | ow
dose of STZaj(f?JgureYL). Compound 15 gﬂ?ﬁ?s@?a%dgh%ﬁgm&grﬁ% ilggtolt%%g :
gl ucose effestivenesse isothe chitpshronfe R4 systaimcdfethe tivet eGomgponnd 1H/did raeoudtsbiaf t er
“admi pistration,. and this |owerin S Sus iqulgg t hr oughout the remai nder of
the 3 dififsCatllifgcavisgo it BT S0 O@Sﬁé’gé YB 1 ds CHERCS: §YE126d % n PBS
vehicl e i I e .0 t Ony/ kg,
‘which-i s(,:t %%%r%lﬂ?@iﬂ glga(ﬂltﬁr@grék:io?@ e %glcﬂé’eanﬁ%%%o acmtftt%’oﬁﬁ?f ty was
seen. Exaepiver Récréyoasshfist a (Gonpmmaoishtid). . 20 Conpound 4 was tested for its
ability to cause nmutations in the histidine operon of Salnonella

typhi murium strai ns TA89, TAI OO TA1535, and TA1537, and at the tryptophan
operon of Escherichia coli strai nExpmple 26 These represent standard tests

for the i j collegtj.vely called the
nes TP GREAR G oosfionf BERAHNT-RIA RiGeCPiniANED o

500Datg/ pl at e)A iphathsceatiSg né@nsYsitta 0GR OldsniARErhYG Inedy ,%@dpﬂeﬁmfe?eb}pf esence
of induced rat liver S-9 plus cofactors. Under the conditions of this -
study, eprabergpbateldowing: not i nduce any significant increase in the nunber
of revertant colonies for any of the tester, strains and were, therefore,
judged negative in the Sal monella typhi mured¥Eshcerichia coli Plate

| ncor porati on Mit @dp@bundSs s invedtbn\O 00/ 735P6 91 Exanple 25 7 NOVEMBER
2003 _ -

_ Magnesium stearate 0.5%

15 Starch 2.0%

| HPM cellulose 1.0%
Microcrysfalline cellulose 86.5%

The mixture may be compressed td tablets, or filled into hard gelatin capsules.
The tablet may be coated by applying a suspension of film former (e.g., HPM
20  cellulose), pigment (e.g., titanium dioxide) and plaétici’ser (e.g.. diethyl phthalate) and
drying the film by evaporation of th’e solvent. The film coat can comprise 2.0% to 6.0%
of the tablet weight, preferably about 3.0%. '

~ Example 27
25  Oral pharmaceutical composition preparation-capsule.i
A pharmaccutical composition of a compound of the invention suitable for oral
. administration may also be prepared by combining the following: |
Coinpound_ of this invention 20%

30 . Polyethylene glycol 400 80%




PCT/ USO0/ 14644 P450 Interactions A major pathway for elimnation of drugs
fromthe body, which may limt their effectiveness, is the 7c§'p&ﬁM§|EB %Q%
system of the liver. Conpound 15 did not inhibit 5 the catalytic activity
of the waonmrmisngt ochrones P450, CYP1A2, CYP2C9, CYP2C19, @®FIe/1a644CYP3A4.
I n addi tion, Conpounds 15, 53, -and 48 were not netabolized by rate |iver
m crosones after a 1-hour incubationgyExanple 26 Oral pharmaceuti cal
conposition preparation-solid dosage fornul ati on. 10 A pharmaceuti cal
conposition for oral. admnistration nay be prepared by conbining the
fol | owi ng: 18hesmatisinabeappawed ¢f dishérsed ow dissolved iDthe Mugidesirtien, stithaz at e
0.5% Starch. 2. 0% I—(ggl cg,l | ul.ose.1.0% crocrystall 'kne cel l ul ose 86.5% The
mi xt ur e HAyIRE a8eMnTsdet] rraliresh The Sorpplatipn ip thenninglased an getoft peladmpsul es.
The tab&aﬁgmgw RO alRRbiIRY appl ying a suspension of filmfornmer (e.g., HPM
20 cellulose); pignent (e.g., titaniumdioxide). and plasticiser (e.g.,
.di ethyl phthalate) and drying the filmby evaporation of the solvent. The
filmcoat can conprise 2.0%to 6.0% of the tablet weight, preferably about
 3.0% Exanple 27 25 Oral phar macdixample 28onposi ti on preparati on-capsul e. A
phar ma l.cal I.ti 0on conmpound qf.the. i nvention suitable for .oral
adm ni gf#%‘i‘fg%ﬁuﬁ%)’[)cgfns@ S%lé) “gfr"ég’%%‘g?’b# ag%}sﬁﬁaﬁl % he fol | ow ng: % ww
Conpound of Agj}ﬁnhﬁbéﬁﬂ&dl(éﬂ Q8108 FoPPAr¥ SR la8meni St fop! mé;@%e%ﬂ%s feNGYVEMBER
2003 WD 00/ 71506 PCT/ USO0/ 14644 92 5 10 The nedici nal conpound is di spersed
or di ssewinvigingrthe fedlowiegii-d carrier, with a thickening agent added, if
requi red. The fornulation is then enclosed_jn. a 38“ gel atin . capsul e by
sui tabl e technol.ogy. Preferred Level o

10 - . Compound of this invention . 1.0%
~ Saline | . 99.0%

The solution is sterilized and sealed in sterile containers.

Example 29

15 Distribution of Compoun'd-[14C]-15 after oral administration

STZ/HFD rats, -prepared as in Example 19, were given a sihglc oral dose of
* 30mg/kg compound-[14C}-15 labeled with 50uCi of 14C prepared as in Example 1A,

| Two ﬁours later the animals were euthanized and 200mg samples of various tissues were

removed by an IACUC-approved protocol. The tissue samples were homogenized and -

20  their _radioactivity_content was Iﬁeasu'red, by scintillation counting. The highesf levels of
radioactivity were found in the pancreas, .liver, and thigh muscle. These corresponded to
Compound 15 concentrations of approximately 780nM, 200nM, and 175aM,
respectively. These concentrations would. be sufficient to produce insulin receptor
phosphorylation in vitro. Lower levels of radioactivity indicative of 50nM to 100nM
25  concentrations of the compound were found in abdominali muscle, fat, kidnéy, and

spleen. The amount of radioactivity in the blood was not above background levels.

All documents cited in the above specification are herein incorporated by :
- reference. Various modifications and variations of the present invention _Will be apparent
to those skilled in the art without departing from the scope and spirit of the inve_ﬁtion.

30 'Although' the invention has been described in connection with specific preferred




Exanpl e 28. Pharmaceutical conposition for parenteral admnjstration. A
.pharmaceuti cal conposition for parenteral adm nistration ma] NQ‘&%MB&%@Q%
conbi ni ngva fenifey | owi ng: Preferred Level Conpound of thi SPCIL[%@GMQQ - 1.0%
‘Saline 99.0% The solution is sterilized and sealed in sterile containers.
-Exanpl e 29 15 EiéfribUtion”df”CbnﬁbUn%—llAC]élS after ‘oral admnistration
STZ/HFD rats, prepared as in Exanple é, were given a single oral dose of
30nmg/ kg conpound-[ 14C]-15 labeled with S C of 14C prepared as in Exanple
1T A Twoembedimenist i shavié banhdabteodwire telibbanioaed chlithed ORI S lﬁﬁlug/f

sue

various f.issuyes re renmoved by an | ACUC approved protocol. The ti
sanpl es b\E‘F‘Sh‘ ﬁ%ﬁﬁ@éﬁ?%@ sRgodimianke ipdeedd ivarens miodificetintenf theadesomlagur ed by

sci nti |l glohans QHH?. -1 wH-evels of radioactivity were found in
t he pancr eas, Oﬁi ve i,n%gonu&{?ﬁf@ﬁ%r}rgégﬁ}%&l We%be“%l&r&eg‘ﬁ%ﬁ%ﬁeé@ dsnpsbared 15
cconcent r etdndad tooe @jiinakid sovbhe by theGondhingQ@aMs. and 175nM  respectivel y.
"These concentrations would be sufficient to produce insulin receptor

phosphorylation in vitro. Lower |evels of radioactivity indicative of 50nM
to 100nM 25 concentrations of the conpound were found in abdom nal nuscle,
.fat, kidney, and spleen. The -anmount of radioactivity in the blood was not
above background |l evels. Al docunents cited in the above specification are
herei n' i ncorporated by reference. Various nodifications and variations of

~the present invention will be apparent to those skilled in the art wi thout
departing fromthe scope and spirit of the invention. 30 Al though the
i nvention has been described in connection with specific preferred 7
NOVEMBER 2003 WO 00/ 71506 93 PCTI USOQ 14644 enbodi nents, it should be
understood that the invention as clainmed should not be unduly limted to
such specific enbodi nents. |ndeed, various nodifications of the described

- nodes for carrying .out the invention which are obvious to those skilled in
the art. are intended to be within the scope of the following clains. 7

- NOVEMBER 2003 WO 00/ 71506 94 What we claimis: PCT/US00/14644 1. A conpound
of the fornula: o ,




c t

-0

d RL |

NR72, -NR SOZR ,

linker dL B A (Y)x (Y)x (Y)x (Y)x Fornmula I 1Q 1@20 V\,hereln
R and R2 are substituents on the A rings and are, |ndepende7n5|

R3 and W& armaseéi ndependent |y, hydrogen or |l ower alkyl, (diﬁmﬁmu4ﬁw
together are -(CH2)2-1 -(CH2)3-1 or -(CH2)4-, or R3 or R4 may be an

el ectron pair,

al kyl ,

subst
het er

napht hal ene ring via anrFazo or am de |inkage,- each
2, and 7 NOVEMBER
connects a car bopgdes

1 or

NN-

10

15

20

cyano,

ituted
oaryl (I

R3R4

ryI
vver)

“NR C(O R, -S020R7, -C(O) OR7, -OSOZR7, or OC(O)R

'R5 and R6 are, indepepgdently, hydrogen, alkyl,. substituted
hal o, nitro, -SR, C(OR8, -SO20R8, -0SO RB, -S02NR82,

-NRBSORB -0C(OR8, -C(OOR, C(O)NRB,, -NRBC(O R8, -ORB, or -NR82,
R. and‘$@M1%€Chﬁéé®endently, hydrogen -al kyl, substituted al kyl, aryl,

each

substltuted aryl (1 ower)al k I
él%’éf <° é\eﬁ’gl tléﬁ’é@ 3het er oaryi (I owgrgal kyl, ) hgterocycl yl,

substituted heterocyclyl, heteroaryl, or substituted heteroaryl each Y
s, i ndependent Iy, a non-d nterfering substituent whi ch | s not |i nked to the

03 0 /71506 95 PCTLUSOY 14644 t he |inker

V() (Y = (Y

Formuia |

. wherein

R and R? are substituénts on the A rings and are, independently,
~SO.NR',, ~C(OINR’;, -NR'SO,R’, -NR'C(O)R’, ~SO, oR’
-C(Q)OR’, -OSO:R7 or ---OC(O)R7 _

R’ and R* are, independently, hydrogen or lower alkyl, or R’ and R
together are ~(CHy);-, (CHy)y-, or CHy),-, or R? or R* may be an

electron pair,

R’ and R® are, mdependenﬂy, hydrogen, aIkyl substituted alkyl, cyano,

halo, nitro, -SR®, -C(O)R’, -SO,OR%;, -OSO,R’, -S,OQNRBI,
-NR”SOERS, -OC(O)R?, -C(O)OR?, -C(O)NR?,, -NR*C(O)R?, -OR®,
 or-NR?,,

~each R’ and R* is, independently, hydrogen, alkyl, substltuted alkyl, aryl,

substltuted aryl, aryl(lower)alkyl substituted aryl(lower)aikyl
heteroaryl(lower)alkyl, substituted heteroaryl(lower)alkyl,
‘heterocyclyl, substituted heterocyclyl, heteroaryl, or substituted
hctcroéryl

each Y is, 1ndependently, a non-interfering substituent which is not l1nked
to the naphthalene ring via an azo or amide hnkage

each x is, independently, 0, 1 or 2, and

i ndependently, O,

dasg andls K ~-




where Kis 0, S, or NR, and R is H, cyan, or lower alkyl; 5 or NR 2 'N
4. where R is Hor lower alkyl; or NR2 Ni R3.or SR SR N NOVEWBER\2003
--~ 1 RAv&3oAB3oshere R is H cyan, or lower alkyl; 7 NO\{@% WO
00/ 71506 PCT/ US00/ 14644 96 or SR N "Ik N R3 R4 where R is cyarqég%? | ower
al kyl ;- and, where, if R and R2 are bo§§1 -SO, OH, then: (i) noy is -SQZOH
5 (ii) neither RS nor R6 is -SROR$ or”+OSQZRI; and (iii) R5 and R are not
both sel ected fromthe group consisting of hydroxy and hydrogen unl ess at
least one (Y)x is (e Jinkerwdoeneitnaxarbios désighated &€l to ¥ ch®dn Habignatld 284
pharmaceutical ly acceptable salt thereof, as a single stereolsoner of

m xture 219of stereoisomers. 2. The conmpound of claim1, in which each

- 'x=0. -3. The conpound .of any one of clains 1 or 2, wherein-Kis NR, S, or
S-R. 4. The conpound of claim3, wherein Kis Sor S-R. 5_ The conpound
of any one of clains | or 2, wherein R il in the 7-position of the 15

‘naphthal ene ring,. and R2 is in the 2-posliti on of the naphthal ene ring. 6.
The conpound of claim 1, wherein K=O 7.)&

—N N—

5 E or

- "/\N . or __7, N —
RI“ | R®

oo

— N N— or —N N—

10 where R is H, éyano, or lower alkyl;




The conmpound of claim®6, in which each x=0. The conpound of
claims 6 or 7, wherein R is in the 7-position of the naphtf&@ﬁ@ﬁﬁ%@m%

and R is in the 2-position of the naphthalene ring. 20 9. The conpound of
any one WO @7a5t¢s 5 or 8, wherein each Y is, independent!| pCraisoghdcss -
substituted al kyl, cyano, halo, nitro, -SR9, -OR9, or.-NR9-,; and each R9

i s, independently, hydrogen, |ower alkyl, or substituted lower alkyl. 25
+10. The compound of claim9, wherein ach Y is, independently, |ower alkyl,
hal o- | ower alkyl, |ower alkyloxy, cyano, halo, thio, nitro, amno, or

hydroxy. 7 NOVEMBER 2003 WO 00/ 71506 97 11.S§he compound of cl aim 10,
wherei n PCTI USO0/ 14644 R and R2 are, indep ently, -SQZOR 6, -C(O OR1,
-S2NR'R30, -C(ONR'R10, -OSERR1, -OC(OR -NR'SO2R1D, or NR'C(ORLD;, 5
each R10 i s, independently, alkyl, subS'hNut ed bll-k'y-l aryl, substituted
aryl, aryl(lower)alkyl, substituted aryl{ I ower %I kyI
het eroaryl (I ower) al kyl, substituted het erB3 ryl ( vver)al kyl, heterocyclyl,
substituted heterocyclyl, heteroaryl, or substituted heteroaryl; and 10
each R' is, independently, hydrogen or lower alkyl. 12. The conpound of
claim 11, wherein d are,, | ndependent Iy, -SG2NHR10 or  NHSOZRI1O.
13. The conpound oY ?F% F‘ﬁ@fﬂo\%lé’r rﬁ‘lﬁ’&ch Rl is, independently, aryl,
heteroaryl, - aryl ( 1, I Lower)al kyl. 15. 14. The
conpound of clai mif%%erllgﬁnmelgg{hg% d%e%g%dent ly, a substituted
al kyl , substituted aryl({) subst Ytigt-80 OH[yI (1 ower)al kyl , 'substituted.
het eéoaryl (lower)al kyl, substitut eg heterc él or substl tuted heteroaryl
ast one of the. sub@dit reither Bhoge Ry i sS zQ P0-Q@80RRand i s,

It ndggglnslent It )et r afc?l ﬁl%lﬁyg@(ggs 27 81%}? %b?fﬁ‘&[ﬁﬁblﬁér%h%’%;’gg@ue or a
AR oeoe Ry B L] AERRIRN 2 ™
16. The .conpoYirsladfala;l ai m 15, wherein R 0 is substituted phenyl.
or a pharmaceutically acceptable salt thereof, as a single stereoisomer or mixture
10 - of sterecisomers. | | |
The compound of claim 1, in which each x=0.

The compound of any one of clalms 1 or 2, wherein K is N-R’, S or S-R'.

The compound of claim 3, wherem KisSorS-R'

oA woN

The compound of any one of claims 1 or 2, wherein R'is in the 7-position of the ,

15 _ naphthalcne ring, and R? is in the 2-position of the naphthalene ring.

o

The compound of claim 1, wherein K=0
- 7 The compound of ¢laim 6, in which each x=0.
8. T_he cdmpound of any one of claims 6 or 7, wherein R' is in the 7-position ef the
| naphthalene ring, and R’ is izl the 2-position of the naphthalene ring.
20 .9, The compound of any one of claims 5 or 8, wherein
each Y is, independently, alkyl substltuted alkyl cyano, halo, nitro, -SR’,
-OR®, or -NR?,; and

each R’ is, independently, hydrogen, lower alkyl, or substituted lower

- . alkyl. o

25 10. | The compound of claim 9, wherem each Y 1s, mdependenﬂy, Iower alkyl halo-

lower alkyl, lower alkyloxy, cyano, halo, thio, nitro, amino, or hydroxy




17. The conpound of claim 14, wherein each R12 is, independ I - X
-C(O NR132, hydroxy, triazolyl, tetrazolyl, hydroxyi soxazoﬁi)f",d‘!a'z"‘"g(Eg 90?03

phosphonW® ®¢éilgbér esi due, or a phosphonate residue. 30 18pcihesomossppund of
‘claim 17, wherein 7 NOVEMBER 2003 WO 00/ 71506 'PCT/ US00/ 14644 98 each R12
1is -C(O) OR13, hydroxy, triazolyl, tetg-razol yl, hydroxy isoxazolyl, or a
phosphoni ¢ acid residue. 19. The conpound of claim 14, wherein each R 2 is,
i ndependently, -SQROR 3 or -SO2NR 32 5 20. The conpound of claim 19,
wherei n R+ i 5he egmprnmg of clpim (& nwheseiipound of any one of clains 6 or 7,

wherein R 1s -SO2 pr.C O - SOPNR' R0 - R, -0OS02R 0,
-O(OR, -NR sozﬁg(}?“%ofﬁ %ﬂ)‘%%f‘,ﬁyﬁlﬁzgﬁ Sé@cﬁﬁ“@p@)\rﬁ%{gﬂ -SCROR', or
-C(OOR'; 10 each R19 igoidepengsadipye . 1w sufistdd whed  al kyl , aryl,
substituted aryl, aryl (|(83\Ig$)§| kyl | zsfwuﬁst@ibﬂ%da?@f(spd\%er% kyl

‘heteroaryl (I ower) al kyl ,-NRII(QBI°edhet eroaryl (1 ower)al kyl, heterocyclyl,
r substituted heteroaryl; and each

substi tuted heterocychyl,. heteroaryl, o

R itss, ] ndependentqaﬁgﬁhfﬁrlﬁge@ﬁn‘iﬁ“?lp’oﬂgﬂr sybspituted alkyh arylmwbsigturedenyid of any
one of clains 6 or 7, ' » ' ndently, -C(O OR7 or
-C(ONR 2; and each R g@%r??&ﬁ%%%é%@?Eﬁyg{%geggaﬁkygr | ower al kyl. 23. The
conpound of any one of letabapl(oweralkyl,whbstRitad Retemg«lfia%e@myl,

i ndependent |y, -S020R7.or -SO NR 2; and 20 . each i's, ‘i ndependent |y,
hydrogen or 1ower al kylhetepacycimhesubginsisd hetericyelyhihstacaryluoe dhistiti®d and R2
are -SQ20H. - 25. The cqﬁpeg&ﬂ,glgﬁd any one of clains 6 or 7, wherein R5 and
R6 are, independently, hydrogén, al kyl, substituted al kyl, cyano, - hal o,

nitdg, -SR, - ORB,eath R'"NEBdepaiitndy, BaELRRBriSwer 1P@PENdent |y, hydrogen,
lower al kyl, substituted |ower alkyl,” aryl, substituted aryl, . . :
aryl (1 ower ) al'¥gicompaned pf claisul 1, avhereih &hvend &F kel indepéretendy yISO, NUBSt 41t Ut ed'

het er oar yl ; '&35)‘6 Rﬁgryl (Il ower) al kyl, or substituted
het er oar.yl (| o arkyl . 26. The conpound of claim 24, wherein R5 and R6

) e el Stk st
7 - aryl(lower)alkyl, or heteroaryl(lower)alkyl. S : '
15 14  The compound of claim 11, wherein |
* each R is, independently, a substituted alkyl,- substituted aryl, substituted
- _aryl(lowerjal,kyl, substituted heteroéryl(lower)alkyl, substituted
heteréyclyl or substituted heteroaryl; |
at least one of the substituents on R" is R'%; | _
20 - each R" is, independently, -SO,0R", ~C(OJOR ", ~SO,NR™,,
. -C(O)NR",, hydroxy, triazolyl, tetrazolyl, hydroxyisoxazolyl, a
phosphonic acid residue, or a phosphonate residue; and
each R" is, independently, hydrogen or lower alkyl.
15.  The compound of claim 14, wherein R™ is substituted ary!.
25 - 16, The compound of claim 15, wherein R" is substituted phenyl.

17. The compound of claim 14, wherein
each R" is, independently, ~C(O)OR", -C(O)NR"*,, hydroxy, triazolyl,
tetrazolyl, hydroxyisoxazolyl, a phosphonic acid residue, or a

phosphonate residue.
30 '

18.  The Compound of claim 17, wherein




hydroxy. WD 00171506 99 7 NOVEMBER 2003 PCTI USOQ 14644 27. _T, nd of
claim 14, wherein R12 is -C(OOCR'. 28. The conpound of cl aiTn\Q%ﬁ‘aﬁghgﬂm
when R' is -C(OOR 13 or -SO, OR 3, R 12 shall be adjacent on the aryl,

het er oa® 00/d806het er ocycl yl ring to a substituent such aBCTAB@vK@eddr hyd
~roxy. 5.29. The conpound of claim19, wherein when R2 is -SO OR 13 , R12
shall be adj acent on the aryl:, hetergaryl, or-heterocyelyl-ring to a
substituent such as chloro or hydroxy. 30. The conpound of any one of
clains 17 and 18, wherein when R 12 is -C(OOR', R' shall be adjacent on
the aryl, het er oaeg¢h R8s HS(@IQRY Atyprosyi, frupzolyl Aesadubtl] hydemty isdkhzelyth as
chloro or hydroxy. 31.. The conpound of any one of clains 20 and 27, wherein
R 2 shall beoéﬁng‘é“@th’ér@mdﬂﬁé‘dH?-yl, heteroaryl, or heterocyclyl ring to a

substi t yent h.as chloro.or. hydraxy .32, A conpound of any one of clains
| or 6 ij"i Chiﬁ%“g@ﬁ%ﬁ ?ff:cg m & Wiergine conpound of claim 1, said conpound
bei ng net hyl eg:h“f?‘h?sr,ﬂiéﬂéﬂd%ﬁ{lgr?l&g)ﬁﬁ”%pl—gf)ﬁqﬁ”;.( met hbxycar bonyl ) phenyl ]

am no) sul fony 2-

naplst hypg am i i 3 z:naphih $ f onyl ) at ni no] benzoat e or
ety [ e R o |

( met hox@L.ar b@hy bymbemyd ¢ famlyruale oflci2my 6)or 25 apRihy! ) am nol -2 20

net hyl t hi ovi nyl') (2, napht hyl )] sul fonl-yl | am no) - 2- chl or obenzoate. 34."' The
conpound of any’ oﬁelfofs%pé’f rsC(OXPRE, -SENR B hpoMNRI R hgOSOERY( 7- { [ N- (7- f

[ (3-sul fophenyl)am no] §§§£@§‘t¥,bl F\ﬁi‘gﬁ(ﬁg‘%pﬁﬁr@wb‘] am nol - 2- napht hyl ) -
sul-fonyl] - am b oni - 30 MRS |

[Sl(J4- ﬁ%ery??- ? F)NRGE:J%NRXQX&O)N@L -SO,0R", or -C(O)OR"; -
sul f ophenyl ) - ar ni no] sul fonyl'} (2-naphthyl ) caf bamoy! T ami no) - 2- napht hyl ) 25

sullfonyl | - anmi no~- basivkiés indepridentyi alkyld slfstifedd 41RyL) iufyli-substituted aryl,
-sul fophenyl ) am nol sul fonyl | - 2- napht hyl ) am no] - car bonyl am nal - 2-

napht hyl ) sul fonyl ] am ﬁ@’%"'ﬁ’%‘ﬁ%‘gﬁgWMEBHWH?‘IK%thﬁtﬂoalb’l(lower)alk}’l,
-({L7-(FN-[7-(([4- (m | ! 4

sul fohyl)-2-riaphthyl]-car arm%#?ﬁgmdr%?j}?{?f’ Heté}g}%@l’ substied

napht hyl ] sul f onyl | ani nagesseyobit thetetodiyl, br bililistitdtéd Het3Qagardag

xyphenyl ) ani i no] sul f onyl ) - 2- papht hyl ) ar ni no] car bonyl ani nol - 2- napht byl ) -
sul fonyl ] ami no .| ¢#&%oiis: éndgperpdentlis hydrogen or lower alkyl.

et Py 2o T SRR AT ok e 3 TARBRARER 2003 W 0b1 71505
- PCT/ US00/ 14644 . R' and R? are, independently, ~C(O)OR’ or -C(O)NR’,; and
each R is, indepéndenﬂy, hydrogen or lower élkyl.
23. The compound of any one of claims 6 or 7, wherein
| . R'andR? are, independently, _-SOZORT.or.-SOZNRZ; and
20 . each R’ is,- indebendenﬂy, hydrogen or lower alkyl.
24, The compound of claim 23, wherein.R' and R? are -SO,0H.
- 25. ~ The compound of any one of claims 6 or 7,_.wherein ,
R’ and R® are, independently, hydrogen, alkyl, substituted alky}, cyano,
halo, nitro, -SR%, -OR?, or -NR?,; and 7
25 ~ each R® is, independently, hydrogen, lower alkyl, substituted lower alkyl, .
‘ aryl, substituted aryl, aryl(lower)alkyl, subsﬁtuted
aryl(lower)alkyl, heteroaryl, substituted heteroaryl,
heteroaryl(lower) alkyl, or substituted heteroaryl(lqwer)aikyl.
26. The compound of claim 24, wherein R’ and R® are, independently, hydrogen,
30 ‘ | lower alkyl, halo-lower alkyl, lower alkyloxy, cyano, halo, thio, amino, nitro or
' hydroxy. ' ' |




100 napht hyl ] -sul fonyl }am no) benzoate, 4-{ [(7-{ [(7-
~car boxyphenyl ) am no] sul f onyl } - 5- hydr oxy( 2- napht hyl ) ) a o] cgrﬂgr\ﬂﬁ“ﬂﬁ‘ﬁﬁ)?om
4- hydr ox¥08Ept hyl ) sul f onyl ] ar ni no} benzoi ¢ aci d, PCT/US00/14644

3- {I(7-{[N-(7-([(3-carboxy- 2-hydroxyphenyl)am no]sulfonyl }

(2-napht hyl)) carbanoyl]-amno } (2-napbthyl)) 5 sulfonyl]ani no)

- 2- hydroxybenzoic acid, 5-{[(7-{[N-(7-{[(3-carboxy-4-

“hydr oxyp nyI am no] syl f.onyl } (2 napht hyl )carbam)yl]am no }
(2- naphttiyl ))1 f‘sﬁﬂmwa]f%ﬁ%wrﬁd E’Pﬁ?tﬂ% PR " aC|d net hyl

S L SR A B e

3-{[(7-{[(7- {.‘fhéﬁbéaaacentonthea 1, het t
car boxyphenyl ) ani no]JsuI fonyl ] 3- ngﬁeﬁ(t)aﬁ% ogirlﬁ ?lrgfydylrrglc%ntola SUbStw}lenﬁ such
“napht hyl )sul fasropldrawt hpdipkenzoi ¢ acid, methyl 3-({ [4-hydroxy-7-({

5- hyd b | ) ph I
Sl {3y 26 2. n%w%%ﬁsﬁ} NP ARReREL) 2T, b ghabierdiaptn)
b t | | f I
am no) benzoat g danl id ot L4 Techoc b1 REERPYBASRN R Oy oM )
4- hydr oxy- 2- ripydrdyy| ) - sulfonyl]am no) -benzoic acid, 5-{[(7-{[N-(7-{[(3-
car boxy-4- hydroxyphenyl) am no] sul fonyl } droxy(2 napht hyl '
)) car barfy| | atherfempouad ﬁf/@mow( @%ﬁhtlﬁwml)wuwzmyﬂ WhearR Aigg~C(@IORY,

hyd b 12
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~ naph@hyl ) ) sulshemyd &m@,@ld?q,}ﬂl?o,@hl orobenzoic acid, 5-{[(7-{]

- N-(7-{[(3-carboxy-4- chl orophényl)-am no]sulfonyl }

- 5- hydr @ty (2 m@@pmm} efambamyf c]zams 20 ahd 2% wherein R" shall be adjacent on

hydr oxy( 2- na l sul fon;/ %am n 2-chl'or pbenzoi ¢ acid, nethyl

2- hydr oxy- 5- ?T‘% ?%tefo,arxl S {‘ W%to(arfé‘f’ﬁ&}!%%@bwh}qm@nyl ] ami no }
- -sul fonyl) (24 aﬁﬁpt hyl)] am no) car bonyl ani no) ( 2- napht hyI )] sul fonyl}
am no)benzoate net hyl 25 2-chloro-5-({[7-({N-[7-({

[ 4- ChI 0B3- 3 (Aredrhpoundarfaan yhy pﬁelﬁklhsi Bt 6 ehich is symmetrical. .
sul éﬁ pht hyl )] car banoyl '} am no) (2-napht hyl')] - sul fonyl }
- zoat e copgpeyad of clam sald compound being methyl Z-chloro-5-[({7-[({[7-
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(dizg hoxyphomﬂmﬁﬁa@mg ?ﬂh@ﬂzs}ﬂ ﬁw}m b(c%w}ﬁ%&t}%')]am no_}

car boxam de NT7- (1 hoxy hy roxyphosphory ényl] am no

su: ;onyfggg ﬂ'hphdn’npbl)ljd c{fa[n,?;—c(n{:[dﬂc(aﬁhhﬁmy6@&@%&&%69@)@ n7-piepn! | arﬁ no}
sul fony

{[(3-sulfophenyl)amino]sulfonyl }-2-naphthyl)carbamoylJamino }-2-naphthyl)-

sulfonyl]~aminb}ben;enesulfonic acid, 3-{[(4-hydroxy-7-{[N-(5-hydroxy-7-{[(3~

sulfophenyl)—amind]squonyI}(2-naphthyl))carbamoyi]amino}-2—naphthyl)-

25 sulfonyl]-amino}-benzenesulfonic acid, 4-{[(7-{[(7-{[(4- |
'sulfoiahenyljamino]squonyl}-2-naphthyl)amiﬁo]-carbonylamino}-2-
‘naphthyl)sulfonyl]amino} benzenesulfonic acid, methyl 4-({{7-({N-[7-({[4-
(r’nethoxycarbonyl)phenyl]amino } sulfonyi)-2-naphthyl]-carbamoy] }amino)-2--

| naphthyl}sulfonyl}amino)benzoate, 4-{[(7-{[(7-{[(4-

30 -carboxyphenyl)ammo]sulfonyl} 2-naphthyl)amino]carbonylamino }-2- naphthyl)

' sulfonyl]amino}benzoic acid, methy! 4- ~({[4-hydroxy-7-({N- -[5-hydroxy-7-({[4-

(methoxycarbonyl)phenyl]amino} sulfonyl)(2- naphthyl)]carbamoyl}ammo)-2~




napht hyl ) ] am no} car boxam de, 2-chloro-5-{[(7-{[(7-{[(4-chlorp;
sul f ophenyl ) am no] sul f onyl } (2- napht hyl ) ) am no] - car bonyl am n(ﬁ)@gﬁiMBER 2003
napht hyl )) sul f onyl’].am no} benzenesul fonic acid, 2-chloro-5-{ [(7-{[(7-{
[(4- chl'¥ARGIEKI f ophenyl ) anuno] sul fonyl - } - 5- hydr oxy( 2- nafieTRisH0)/x 4644 no] -
car bonyl am no} - 4- hydr oxy( 2- napht hyl ) ) sul f onyl ] am no} benzenesul foni ¢ aci d,
-5 [({ 7-[3-(7- { [(3-carboxy-4-hydrgggphenyl)am no]sulfonyl}

(2-naphthyl))-2 10 )
dazol i di - napht hyl | f hyd b id,
S T((7 3 'uﬁa{?v B D ek S AT A0k oxybenzol ¢ ac
2- ht hyl
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napht hyl) ) car barmyl am no napht hyl’)) sul f onyl ] -am
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hapPiy| ) ) sul ORISR su Bt 6 VAl G- G ROLERd (7 ([ (5.
ol fomy ] eQ%l%}’??a—’be‘ﬁ?” S R SR ST S

sal t thereofsulfaﬂyl%mné\}-aﬁ@rdmuﬁzd‘@im@Qﬂ&lﬂﬂl3—({C[FL(¥[GE({[3-€atI ng a manmal i an
di sease state selected fromthe group consistin

ycem a type |
di abet es, andmejiipFyrard amabéh%ﬂammhﬁuﬂf@nﬂ@;-}qa@pt 1]?11@%}}93(%(0

f f ect I |t 34 d 25
(eb) e;t ! Y:agﬁ%)hﬁ?’e{fs | ca cf%e %tg’p?gg)( {[@hg[l(%l ?n{m 36. '(I)'he usgnof a -
conpound of aﬂr‘ocﬁ@pheﬁf l)ﬁinﬁid]’ﬁ.lh%nﬁfl}-ﬁﬂaﬂﬂ%ﬁl%ﬂéﬁ@&ﬁ@{ﬂﬁﬂm‘%r}-Za medi-cament

for the stimulation of the kinase activit e insulin receptor. 37. The
use of a comnh@YBﬁul&WI]@mmﬁbCMmami mmlw{l[%hy&prﬁeﬂﬁ-aydma ot a

nmedi cament f ctiv ece tor NOVEMBER 2003 WD
00/ 71506 PCT/ G? a’%@ﬁg})hfﬁy%“m‘?ﬂ%‘%? }él) rﬁ?ﬁﬂﬁ%l} -of any one of
claims 1 to 344 r Eamﬂiﬁ ﬁ%’ﬁt- _ating the
.updat e of gl uchog %a%?g@cgﬁ?ﬁlﬁdilgﬂ f&{w] gd |nsdl3| Wéﬁ@ {@r. 39. The use
of a conpoun (i:aﬂfoxgpl}tngl)@mlho}shﬁmyt%}-$aﬁyﬂrc8ﬁ(2~ﬂa1ﬂhﬁylp)hﬂmﬁf]aﬁrb@ﬁy1%1®}-

ié;arrent ‘for.the treatnent of a di sease state in manmal sel ectéd from
t he
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hydroxybenzoic acid, 5-{[(7-{[N- (7—{[(3-carboxy-4— '

N -chlorophenyl)amlno]sulfonyl}(2 naphthyl))carbamoyl]afnino}(2-

20 naphthyl))sulfonyl]-amino}—2—chlorobenzoic acid, 5-{[(7-{[N-(7-{ [(3-carboxy-4-
chlofophenyl)—amino]sulfonyl}-5-hydroxy(Z-naphthyl))—cafbamoyl']amiﬁo}-4- '
hydroxy(Z-naphthyl))—sulfonyl]amino}-2-chlorobenzoic acid, methy! 2-hydroxy-
S-({[7-({[7-(4 [4-hydroxy-3-(methoxycarbonyi)phényl]amiho } -sulfonyl)(ﬁ-

. naphthyl)]amino}carbonylamino)@-né.phthyl)]sulfonyi}amino)benzoate, methy!

25 , 2-ch10ro-5-({[7—(7{N-[7~({ [4-chloro-3-(methoxycarbonyl)phcnyl]amino}- '

' N sulfonyl)(2-naphthy1)]carbamoyl}a.mino)(Z-naphﬂly])]-sulfonyl}amino)benzoate
N-(7-{[(3-(1H-1,2,3 4-tetraazol-5-yl)phenyl)amino]-sulfonyl} (2- naphthyl))[('?-
{{(3-(1H-1,2,3 4-tetraazol- 5- yl)phenyl)ammo]sulfonyl}(2-

| ~ naphthyl))amino]carboxamide, N-(5-hydroxy-7-{[(3 7(1H—1,2,3,4-t'etraazol-5-
30 yhphenyl)-amino]sulfonyl}(2-naphthyD))[(5-hydroxy-7-{ [(3-(1 H-1.2.3 4~
tetraazol-S-yl)phényl)-amino]sulfonyl}(2-naphthy1))amino~]ecarboxamide, N-[7-
({[3 -(dicthoxyphospharyI)-ph_enyl] amino} sulfonyl)(2 -ﬁaphthyl)] {[7-({[3-




formof therapy for said disease state. 41.; A process for theqorelﬁar
of a conpound.of any one of clains:1 to 34, said process anB V&
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36.

37.

ng t 25" upt .
[({7-[3-(7-{[(3-carboxy-4-hydroxyphenyl)amino]sulfonyl}(2-naphthyl))-2-

oxoimidazolidinyl}(2-naphthyl)}-sulfonyl)aminc]-2-hydroxybenzoic acid, 5-[({7-
[3-(7-{[(3-carboxy-4-chlorophenyl)-aminojsulfonyl} (2-naphthyl))-2-
oxoimidazolidinyl](Z-naphthyl)}-sulfonyl)amino]-2—chlor0benzoic: acid, 2-
chloro-5-{[(7-{[N~(5-hydroxy-7-{[(3-sulfophenylamino]-sulfonyl}(2-
naphﬂlyl))carbamoyl]amino}(Z-naphthyl))sulfonyl]-aminé}benzoic_: acid, 5-{[(7-
{ [N-(7-{[(4-carboxyphenyl)amino]sulfonyl}(2-napthyl))-carbamoyljamine } (2-
naphthyl))sulfonyl]amino }-2-chlorobenzoic acid; and 5-{[(7-{[N-(7-{[(3-
carboxyphenyl)amino]sﬁlfonyl}(2-naphthyl))carbamoyl]amino}(2-naphthy1))-
sulfonylj-amino}-2-chlorobenzoic acid, or a pharmaceutically acceptable sait
thereof:

A pharmaceutical composition for treating a mammalian disease state selected
from the group consisting of hyperglﬁce_mia, type I diabetes, and type II diabetes,
comprising: _

(a) a &:rapeuticaﬂy efféctive amount of a compound of any one of the claims
1 to 34; and

(b) at least one pharmaceutically acceptable excipient.

The use of a compound of any one of claims 1 to 34 in the preparation of a

medicament for the stimulation of the kinase activity of the insulin receptor.

The use of a compound of any one of claims 1 to 34 in the preparation of a

medicament for the activation of the insulin receptor

h&ﬁoﬁga&&%}M%%ﬁé% ﬁ?;&&%@g@?&@l}éﬁﬁh&}%eﬁi&ﬁeﬂ%ﬁb 4eid,gcept or

ysis; or 20 (viii) liberation of a free acid or base of a




43. The use of a conpound of any one of clainms 1 to 34 for t nt _of

type | and late-stage type Il diabetes, conprising the co- £Wéﬁb§3éﬂ03
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pot ent i avdgo/31506é t her apeuti ¢ dose of insulin in order to achieve

therapeutic efficacy. 44. A process for preparing conpounds which mmc the

function of the conpounds of any onqQaf clains 1 to 34, said process '

conprising: 5 (i) submtting a test.conpound to a screen for determning"

its stinmulation of the kinase activity of the insulin receptor in relation

to a conmpound of any one of clains:1l to 34; and (ii) preparing said test

conpound if it exhibits stinulation of the kinase activity of the insulin

receptor. 10 45,. The use of a conpound of any one of clainms 1 to 34 for _

~validating, optimzing, or standardizing bioassays. 46 = The radi ol abel | ed
conpound any..one_o |_aj 4 ond bf claihé ks hat is
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} car banoyl ) - am jaghnrdeaget. hyl } sul fonyl)am no] benzenesul fonate. 4& The

use of the compound of any one of clains 46 or 47 as a diagnostic for

i dentifying and/ or obtaining conpounds that have the function of

sti mul ati Mp.t heThd nesef actmpounyd of amshend nb dleinps A cteclst by theaprepyratipngf @he
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of any one of clains | to 34 or a pharnmaceut %al |y %cceé)ﬁ%%le salt thereof

as a gl ucose upFaRR - ceRFHingsf hyperglycemia, type I diabetes,’and typ betes.
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40. The use of claim 39, wherein said medicament further comprises an additional
form of therapy for said discase state.

41.. A process for the preparation of a compound of any one of claims 1 to 34, said
10 process comprising:
(i)  intermolecular or intramolecular condensation of a compound of Formula

A
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with a compound of Formula B
'RS
N | e
WZIN——-2B || A— ,
Cdy / & _
' Mx (Y

- or the addition of the compound of Formula A to the compound of Formula B,

42.

43.

wherein the amino groups of Formulae A and B are optionally in a protected
form, with an activated bifunctional reagent that provides the group K=C-, where
K has the above meaning; wherein R', R, R’, RY, R’; R®, x, and Y are defined
according to Claim 1, X may be R® or R*, and WZ may be S=C= or O=C=, or W
and Z may be R’ or R*;

to form a linker between the compound of Formula A and the compound of
Formula B; or | _

(il)  chemical elaboration of one or more substituents R', R%, R®, Ré, or Y,
wherein said substituent is convertible into another substituent R', R? R®, RS, or
Y; or

(iiiy  introduction of a substituent R', R?, R’, and R or Y into one or both of the V_V
naphthalene rings; or “
(iv)  deprotection of a proteéted group; or

(v} elaboration of the linker to convert said linker into another linker; or

(vi)  salt fonﬁation or interconversion; or

(vii) estei' hydrolysis; or

(viii) liberation of a free acid or base of a compound of claim I; or

(ix)  stereoisomer separation or synthesis.

The use of a compound of any one of claims 1 to 34 as a model for obtaining
and/or developing compounds that have the function of stimulating the l_(inase
activity of the insulin receptor, activating the insulin receptor, and stimulating the
uptake of glucose. o
The use of a compound of any one of cl-aims, 1 to 34 for the treatment of type I

and late-stage type II diabetes, comprising the co-administration of said
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compound with a potentially sub-therapeutic dose of insulin in order to achieve
therapeutic efficacy. |

A process for preparing compounds which mimic the function of the compounds
of any one of claims 1 to 34, said process comprising:

6] submitting a test coiﬁpound to a screen for determining its stimulation of
the kinase activity of the insulin receptor in relation to a compound of any one of
claims 1 to 34; and ' |

(i)  preparing said test compound if it exhibits stimulation of th_el kinase
activity of the insulin receptor.

The use of a compound of any one of claims 1 to 34 for validating, optimizing, or
st@dardizing bioassays.

The radiolabelled compound of any one of claims 1 to 34.

* The compound of claim 46that is “C-4-methylphenyl-3-[({4-hydroxy-7-[(N-{5-
' hydrdxy-'/—[({3-[(mmethylphenyljroxy§ul£0ny1],phényl}amjno)sulfonyl](z-

naphﬂiyl)}carbamoyl)—-amino]—z-naphthyl}suifonyl)amino]benzenesulfonate.
The use of the compound of any one of claims 46 or 47 as a diagnostic for

identifying and/or obtaining compounds that have the function of stimulating the

~ kinase activity of the insulin receptor, activating the insulin receptor, and

stimulating the uptake of glucose.
A compound of any one of claims 1 to 34 or a pharmaceutically acceptable salt

thereof as a glucose uptake enhancer.




