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Description

Field of the invention

{00011 Theinvention relates generally to protein misfolding. More particularny, this invention provides compaositions and
methods for stabilizing transthyretin, inhibiling transthyretin misfolding, and compgositions for treating amyloid diseases
associated thereto.

Background of the invention

{00021 Transthyretin (TTR}is a 85 kDa homoletrameric protein presentin serum and cerebral spinal fluid. Thefunclion of
TTRistotransport L-thyroxine (T,) and holo-retinel binding protein (RBP). TTR is one of greater than 20 nenhomologous
amyloidogenic proteins that can be transformedinto fibrils and other aggregates leading to disease pathology in humans.
These diseases donotappeario be caused by loss of function due to protein aggregation. Instead, aggregation appearsto
cause neurchal/celluiar dysiunction by @ mechanism that is not yet clear

[0003] Under denaturing conditions, rate limiling wild type TTR {etramer dissociation and rapid monomer misfolding
enables misassembly into amyloid, putatively causing senile systemic amyloidosis (SSA). Dissociation and misfolding of
one of more than cighty TTR variants resulls in familial amyioid polyneuropathy (FAP) and familial amyloid cardiomyo-
pathy (PAC).

{0004] The TTR tetramer has two G, symmaetiic T,-binding sites. Negatively cooperative binding of T, is known to
stabilize the TTR tetramer and inhibit amyloid filbril formation. Unfortunately, less than 1% of TTR has T, boundtoitinthe
human serum, because thyroid-binging globulin (TBG) has an order of magnitude higher affinily for T, in comparison to
TTR. Furthermore, the serum concentration of T, is relatively fow (0.1 pM) compared to that of TTR (3.6 - 7.2 uwM).

Summary of the Inventicn

{0005} The invention is defined by the claims. The invention is based, at least in part, on the discovery that kinetic
stabilization of the native state of transthyretin inhibits protein misfolding. This discovery is important because of the role
that profein misfolding plays in a variety of disease processes, including iransthyretin amyioid diseases. By inhibiting
{ransthryetin misfolding, one canintervene in such a disease, ameliorate symptoms, and/orin some cases prevent oreure
the disease.

{00081 The discovery that kinetic stabilization of the native state of transthyratin effectively inhibits nusfolding allows for
the development of therapeutic compositions with potentially high specificity and fow foxicity. Thus, although exemplary
biaryl reagents which have the ahility to stabilize transthryetin are disclosed herein, one can design other reagents which
selectively stabilize the protein. For exampie, as described herein, itis possibly 1o design and prepare polychiorinated
biphenyis, diffunisal analogs, or benzoxazoles that highly selective for binding to transthyretin andthat stakilize the native
state of transthyretin,

[0007] The application discloses method of screening for a compound that prevents or reduces dissociation of a
transthyretin tetramer. The methed can include the following steps: contacting a fransthyratin tetramer with @ candidate
compound, and determining whether the candidate compound increases the activation energy associatad with dissocia-
tfion ofthe transthyretin tetramer, thereby preventing or reducing dissociation ofthe transthyretintetramer. The method can
optionally include an additional step of measuring the ability of the candidate compound to inhibit fibril formation.
{0008} The application disclosas a mathod including a stap of determining whetherthe compound prevents dissociation
of the transthyrelin tetramer by destabilizing the dissociation transition state of the transthyretin tetramer. The application
also discloses a method inciuding a step of determining whether the compouind prevents dissociation of the transthyratin
tetramer by stabilization of the transthyretin tetramer more than the dissociative transition state.

{0008} The candidate compound usad in such a method can optionally be a small molecule. Such a small moleculs can
stabilize the native state of transthyretin through tetramer binding, thereby slowing dissociation and amylnidosis under
denaturing and physiological conditions through a kinetic stabilization mechanism. The compound optionally exhibits
binding stoichiomelry exceeding 0.1 to TTR in human bleed when administerad at a concentration of 10.6 pM.

(00107 A small molecule can optionally have a molecular weight of less than 1500 and bind o transthyretin non- or
positively cooperatively andimparta binding energy of » 2 3 keal/mol. The small molecule can exhibit Ky, and K, < 100 nM
{e.g., = 10 nM) andfor a high plasma concentration, which both contribute 1o protein stabilization exceeding 2.0 kealimol.
The small molecule can also decrease the vield of amyioidosis and decrease the rate of acid-mediated or MeCOH mediated
amyloidogenesis and/or decrease the rate of urea mediated TTR dissociation.

[0011] The application discloses a small molecule thatindudes bipheny! amines, biphenyls, oxime ethers, benzazoles
or other structures composed oftwo aromatic rings where ane bears hydrophilic groups such as an acid ora phenol and the
other bears hydrophobic groups such as halogens or alkyls. The smali molecule of the invention includes benzazoles.
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{0012} The application disclesaes a candidate compound wherein the candidate compound is a hiaryl where one ring
hears a hydrophilic substituent(s) and the cther has hydrophobic substituents or a biaryi where both rings bear atieastone
hydrophilic substituent. The hydrophilic group can be a phenal, a COOH, a benzy! aleohol, a boronic acid or ester, a
tetrazole, an aldehyde or a hydrated aldehyde orafunctional group that serves as either a H-bond donor oracceptorio the
protein directly or through a water mediated H-bond. The biarvl can be a symmetrical biaryl having both rings substituted
with hydrophilic functionality inchuding phenols, carboxylates and alcohols and in some cases halogens to compliment the
halogen binding pockets in TTR, e.g., & blaryiwith the following functionality 3-Cl, 4-OH, 5-Cland 3-Cl, 4'-OH, 5'-Cl. in one
ambodiment, atleast one ring of the biaryl is substituted with 2, 4-diftuoro or 3, 5-diflucre or 2, 8-diffuiore or 3,5-dichloro or 3-
Cl, 4-OH, 5-Cl or 3-F, 4-OH, 5-F 3, COCH, 4-OH or 3-OH or 3-COCH or 4-COOH or 3-CH20H or 4-CH20H substituents.
An exemplary biarvlis a polychiorinated biphenyl, e.g., a hydroxylated polychiorinated biphenyl wherein atieast oenering
one bears OH andfor Ci substituents including 3-Ci, 4-0OH, 5-Cl or 2-Cl, 3-Ci, 4-CH, 5-Cl or 3,4-DiCH, or 2,3 4-trichioro or
2,3,4,54etrachloro. Halogens other than chionde can be usedin the candidate compound. The candidate compound ofthe
present invention is a benzoxazole.

{0013] Theapplication discloses a candidate compoundwhichis a diflunisal analog. The structure of diflunisal as well as
a variety of diflunisal analogs are described herain. The difiunisal analog can optionally have raduced or absent NSAID
activity as compared to difiunisal For example; the diflunisal analog can have reduced or absent cyclooxygenase inhibitor
activity as compared to diflunisal.

{08314} The application discioses a method including an acditional step of determining whether the diflunisal analoeg
exhibits NSAID activity. For example, the method can include a step of determining whether the difiunisal analog exhibits
cycloaxygenase inhibitor activity.

[0018] Thetransthyretin usedinthe screening methods can be wild type transthyretin or a mutant transthyretin, such as
a naturally cccuriing mutant fransthyretin causally associgted with the incidence of a transthyretin amyioid diseass such
as Tamilial amyloid polyneuropathy of famiiial amyloid cardiomyopathy. Exemplary naturally occurring mutant transthyr-
atins inciudse, but are notlimited to, V1221, V30M, LA5P (the mutant nomenciature describes the substitution at a recited
araino acid position, relative to the wild type; sse, e ¢, Saraiva et al. (2001) Hum. Mut. 17:483-503).

{0018} Theinvention also provides the use of the compounds of the invention for the preperations of a medicament for
the stahilization oftransthyretinin a tissue orin a binlogical fluid, andthereby inhibiting misfolding. Generally, the use ofthe
medicament comprises administering to the tissue or biclogical fluid a composition comprising a stabilizing amountof a
sompound described herein that binds to ransthyretin and prevents dissodiation of the transthyretin tetramer by Kinetic
stabilization of the nalive stale of the transthyretin tetramer.

{00177 Thus, methods which stabilize transthyretin in a diseased tissue ameliorate misfolding and lessen symptoms of
an associated disease and, depending upon the disease, can contribute o cure of the disease. The invention con-
tempiates inhibifion of transthyretin misfolding in a tissue and/or within a cell. The extent of misfolding, and therefore the
extent of inhibition achieved by the prasant methods, can be evaluated by a variaty of methods, such as are describedin
the Examples.

{0018}  Accordingly, in ancther aspectthe invention includes the use of for the preparation of amedicament for reating a
{ransthyretin amyioid disease in a subject diagnosed as having a transthyretin amylcid disease a therapeutically effective
amount of 8-Carboxy-2-(3,5-dichicrophenyl}-benzoxazole that prevents disscoiation of a transthyretin tetramer by kinetic
stabilization of the native state of the transthyretin tetramer>

{00181  The application discloses the use of a therapauticaily effective amount of a diffunisal analeg {e.q., & diflunisal
analog that prevents dissociation of a transthyretin tatramer) that prevents dissociation of a transthyretin tetramer. for the
preparation of a medicament for treating a transthyretin amyloid disease, suitable to the administered to a subject
diagnosed as having a transthyratin amyloid disease The diflunisal analog can optionally have reducead or absent NSAID
activity {e.g., cyclooxyenase inhibitor activity} as compared o iffunisal.

j0020] Theapplication also discloses the use of a therapeutically effective amount of a polychlorinated biphenvi{e.g., a
polychiorinated biphenyl that prevenis dissociation of atransthyretin tetramer) that prevents dissociation of a transthyretin
tetramer for the prepasation of a medicamentfor frealing a transthyretin amyioid disease, suitabie {o be administeredtoa
subject diagnosed as having a transthyrelin amyloid disease tetramer) that prevents dissociation of a transthyretin
tetramer. The polychlorinated biphenyi can be a hydroxylated polychiorinated biphenyl

{00211 Inaparticular embodiment, the invention features use of a therapeutically effective amount of €-Carboxy-2-(3,5-
dichiorophenyl}-benzoxazole that preavenis dissociation of a transthyretin tetramer for the preparation of a medicamentfor
treating a transthyretin amyloid disease suitables 1o be administered {o a subject diagnosed as having a transthyretin
amyloid disease.

{00221 The transthyretin amyloid disease can be, for example, familial amyloid polyneuropathy, familiad amyleid
cardiomyopathy, or senile systemic amyloidosis.

{0023] The subject treated in the present methods can be a human subject, although it is to be understood that the
principles ofthe invention indicate that the invention is effective with respecito all mammals. Inthis context, a"mammal’is
undersiood to Include any mammalian species in which treatment of diseases associated with transthyretin misfolding is
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desirable, paiticularly agricultural and domestic mammalian species.

[0024] Thecompounds describedherein (8.9., biaryl compounds such as diflunisal analogs, polychiorinated biphenyis,
of benzoxazoles) can be formulated with a pharmaceutically acceptable to prepare a pharmaceutical composition
comprising the compeund. As used herain, the terms "pharmaceutically accaptable”, "physiclogically tolerable” and
grammatical varigtions thereof, as they refer {0 compositions, carriers, difuents and reagents, are used interchangeably
and represent that the materials are capable of administration to or upon a mammal without the production of undesirable
physiciogical effects.

{0028] Theinvention alse encompasses the use of 8-Carboxy-2-(3, 5-dichlorophenvh-benzoxazole or pharmaceutical
compositions described herein in the manufacture of @ medicament for the treatment of a transthyretin amyloid disease
{e.g., familial amvloid polyneuropathy, familial amvicid cardiomyopathy, or senile systemic amyloidosis}.

{00281 The compounds and the use for the preparation of a medicament described herein provide significant
advantages over the treatments options currently available for TTR amyioidosis. TTR amyioidosis typically leads 1o
deathintenyears, and uniil recently, was consideredincurable. Livertransplantation is an effective means of replacing the
disgase-associated allele by a WT allele in familial cases because the liver is typically the source of amvioidogenic TTR.
While liver transplantation is effective as a form of gene therapy it is not without its problems. Transplantation is
compiicated by the nead for invasive surgary for both the recipient and the donor, long-term posttransplantation
immunosuppressive therapy, a shortage of donors, ifs high cost, and the large number of TTR amyloidosis patients that
are not good candidates because of their disease progression. Unfortunately, cardiac amyloidosis prograsses in some
farnilial patients aven afterlivertransplantation because WT TTR often continues to depaosit. Noris central nervous system
{CNS) depaosition of TTR reliaved by transplantation owing to its synthesis by the chorcid plexus. Transplantationis nota
viable option for the most prevalent TTR disease, senile systemic amyloidosis (88A), affecling approximately 25% of
those over 80 due o the depoesition of WT TTR.

{00271 Unless ctherwise defined, all technical and scientific terms used herein have the same meaning as commoniy
understood by one of ordinary skill in the art to which this invention belongs. Although methods and materials similar or
equivalentto those described herein can be usedin the practice ortesting of the presentinvention, the preferrad methods
and materials are describad below.

{0028] Ctherfeatures and advantages ofthe invention will be apparent from the following detailed description, andfrom
the claims.

Brief Description of the Drawings

10029}

FIG. 1 is a schematic diagram depicting the T4 binding site of transthyretin.

FIGS. 2Aand 2B are graphs depicting the time course of transthyretin unfolding in the presence of different inhibitors.
FIGS. 3A and 3B are graphs dapicting the time course of fibrit formation in the presence of different inhibitors.
[GS. 4A and 4B are graphs depicting the time course of fibril formation in the presenca of different inhibitors.

G, 5 depicts the structures of polychiorinated biphenyis scresned for binding to transthyretin in blood plasma.
13, € depicts the structures of hydroxylated polychiorinated biphenyis whose binding to transthyretin in plasma was
evaluated along with their amyloid fibril inhibition properties in vifro.

FIG. 7 is a graph depicting suppression of transthyretin fibni formation by benzoxazole compounds. The position ofthe
carboxyl on the benzoxazole is shown along the left-hand side, while the C{2) phenyiring is shown along the boltom.
The bars indicate the parcent fibiii formation {f), that is, the amount of fibrrils formed from ransthyretin {3.6 pM)inthe
nragance of the benzoxazols compound (7.2 pM) relative (o the amount formad by transthyratin in the absence of
inhibitor {(which is defined as 100%).

I3, 8is a graph depicting stoichiometry (s) of benzoxazoles bound {o transthyretin after incubation in human blood
plasma. Immunoprecipitation with a rasin-bound anlibody was used o capture transthyretin. Following releass of
transthyretinfrom the resin, the amounts of transthyretin andinhibitor were quantified from the areas under their peaks
in an HPLC chromatogram. The maximum possible value of sis 2. Compound numbers are shown along the bottom
axis. The thin vertical lines indicate the measurement error.

FIG. 8is agraph depicting dissociation as a function of time {f} forwttransthyretin (1.8 pM} in € M ureawithout inhibitor,
or in the presence of 3.6 pM of compounds 20, 21, or 27, or 1.8 pM compound 20,

FIG.10 depicts the Xeray co-crystal struciure of compound 20 bound to transthyratin,

T T

il

{0030} Equivalentresiduesindifferentsubunits are distinguished with primed and unprimed residue numbers, as are the
pairs of halogen binding pockets.
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Detailad Description of the invention

[0031] Atleastsome amyloid diseases appear to be caused by the deposition of any one of more than 20 nonhomo-
fogous proteins or protein fragments, ullimately affording & fibrillar cross-g-sheet quaternary structure. Formation of
amylold fibrils from a normaley folded protein like transthyretin requires protein misfolding to produce an assembly-
competent intermediate. The process of transthyretin (TTR) amyicidogensasis appears to cause three different amyloid
disgases - senile systemic amvicidosis {SSA), familial amyloid polyneuropathy (FAR) and familial amyloid cardiomyo-
pathy (FAC). SSA is associated with the deposition of wild-type TTR, while FAF and FAC are caused by the amylcidogen-
osis of one of over 80 TTR variants. See, forexample, Colon, W, Kelly, J. W, Biocchamistry 1992, 31, 8654-80; Kelly, J. W,
Curr. Opin. Struct. Biol. 1996, 6, 11-7,; Liu, K; et al. Nat. Struct. Biol. 2000, 7, 754-7, Westermark, 7 etal. Proc. Natl. Acad.
Sci. UL S A 1880, 87, 2843-5; Saraive, M J.,e:a!.J. Chin. tnvest 1985, 78, 2171-7; Jacobson, DR etal N Engl. J. Med.
1987, 338, 486-73; Buxbaum, J. N.; Tages, C. £ Ann. Rev. Med. 2000, 51, 543~569, and Saraiva, M. J.Hum. Mutat 1995,
5, 191-6

{00321 TTRis a 55 kDa homoletramer characterized by 2,2,2 symmetry, having two identical funnei-shaped binding
sites atthe dimer-dimearinterface, whera thyroidhormone {T4) can bindin blocd plasma and CSF. TTR s typically boundto
iess than 1 equiv of holo retinol binding protein. TTR misfolding including tetramer disscciation into monomers followed by
terfiary structural changes within the monomer render the protein capable of misassembly, ultimately affording amyloid
The available freatment for FAP employs gene therapy mediated by liver transplantation to replace variant TTR in the
pinod with the wild type (WT) protein. This approach will likely not be effective for FAC due o the continued deposition of
WTTTR, norwould itbe useful forthetreatment of SSA, where the process of WT TTR deposition appears to be causative.
Liver transplantation therapy would also fall for approximately 10 of the TTR variants that deposit amyloid fibrils in the
leptomeninges leadingto CNS disease, as this TTRis synthesized by the choroid plexus. Henee, itis dasirableto develop
a general noninvasive drug-based therapeutic strateqy It can be desirable for the drugtc be non-protein, non-peptide, or
non-nucieic acid based. See, for example, Blake, C. C.; et al. J. Mol. Biol. 1878, 121, 338-56; Wiojtczak, A ; et al. Acta
Crystalfogr., Sect. D 1888, 758-81¢; Monace, H. L, HiZZi, M. Coda, A. Science 18985, 288, 1036-41; Lai, Z.; Colon, W ;
Kelly, J. W. Biochamisiry 1298, 35, 8470-82 Hmirrqren G, et al. Lancet 1993, 341, 1113-8; Suhr, O. B.; kriczon, B. G;
Friman, S. Liver Transpl. 2002, 8, 787-84; E‘Mbre SV etai *ra“spiantatm 1997, 84, 74-80; Yezaki, M., etal. B;GChem
Biophys. Res. Commun. 2000, 274, 702-8; and Cormnwell, C. G il et al. Am. J. of Med. 1883, 75, J‘FS—DZ).

Synthesis of Diflunisal Analogs that Inhibit Transthyretin Amvyleid Fibril Formation

{00337 TTR misfolding leadingto amvloid fibri formation can be preventad by T4-mediated stakilization ofthe tetramer.
Several structurally diverse families of tetramear stakilizers bindto one or both T4 sites within TTR and preventamyloidosis
without the likely side effects of the hormone T4, These tetramer stabilizing compounds include several non-steroidal
antiinflammatory drugs (NSAIDS such as flufenamic acid, diclofenac, flurbiprofen and difiunisal, thatappeartofunction by
increasing the kingtic barrier associated with telramer dissodiation through ground-state binding and stabilization.
Because TTR is the secondary carrier of T4 in blood plasma, greater than 85 % of TTR's T4 binding capacity remains
unutilized, allowing for administration of tetramer stabilizing compound that target these sites. Because diflunisal is a
cyciooxygenase-2 inhibitor long-term administration could lead 1o gasirointestinal side effects. Analogs of diflunisal that
have reduced or absent NSAID activity, but possess high affinity for TTR in blood plasma, are therefora desirable. The first
step toward this goal is the design and synthesis of difiunisal analogs as inhibitors of amyloid fibril formation. Sese, for
axample, Miroy, G, J.; etal Pruc. Nati. Acad. Sci. U, 8. A 1986, 83, 15051-8; Kiabunde, T.; et al. Nat. Struct. Bicol. 2000, 7,
312-21; Baures, P. W Peterson, 8. A Kelly, J. W Biocorg. Med. Chem. 1898, 6,1388-401,; Petrassi, H. M., et al. J. Am.
Chem. Soc. 2000, 122, 2178-2182, Baures, P W etal. Biocorg. Med. Chem. 18988, 7, 1338-47, Sacchettini, J. C.; Keally, J.
W Nat. Rev. Drug Disc. 2002, 1, 267-275; Oz, V. B, etal. J. Med. Chem. 2002, 45, 221 -32; Bartalena, L..; Robbins, J. Ciin.
Lab. Med. 1893, 13, 583-88; Aldred, A. R.; Brack, .M., Schreiber, G. Comp. Biochem. Physiol. B Biochem. Mol. Biol.
1885, 111, 115 and Mao, H. Y. et al. J. Am. Chem. Soc. 2001, 123, 1042810435,

{0034} The subunits of the TTR tetramer are related by three perpendicular Cy-axes. FiG. 1is a schematic representa-
fiornofthe T4 binding site of TTR, demonstrating the forward binding mode where the inhibitor carboxylate participates in
alectrostatic interactions with the c-ammoniuny of Lys 15 and 15, The two equivalent T4 binding sites created by the
quaternary structuratinterface are interchanged by the two C,, axes thatare perpendicular fo the crystallographic Cz axis of
symmetry. Each T4 binding site can be dividedinto aninner and outer binding cavity. See, for example, Blake, C. C.; Datley,
S.J Nature 1877, 268, 115-20, whichis incorporated by reference in iis entirety. Theinner binding cavily comprises a pair
of halogen hinding pockats (HBP), designated HEP 3 and 3, made up by the side chains of Leu 17, Ala 108, Val 121, and
Thr 119, The convergence of four Ser 117 side chains from each subunit defines the innermost region and interface
between the two identical binding sites. The Ser 117 hydroxyl groups can serve as hydrogen bond donors or acceptors to
somplimentary funclionality on the compound{e.g., aninhibiter of amyloid formation) or mediate electrostaticinteractions
with the compound through water molecuies. The ocuter binding site is composed of HBP 1 and 1, while HBP 2and 2" are
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positioned at the interface of the inner and outer binding cavities. The Lys 15 and 15 s-ammonium groups dafine the very
outer reaches of the outer binding cavity, allowing for electrostatic interactions with anionic substituents on a compound.
Many of the TTR tetramer stabilizing compounds bind in the forward binding mode, where an anionic substituent on the
hydrophilic pheny! ring positioned in the outer binding pockel engages in an elecirostatic interaction with the Lys 15 &-
ammonium groups. In the forward binding mode, a hydrophobic phenyl ring {(oflen substituted with halogens) can ocoupy
the inner binding pocket. Examples of binding in the opposite orientation {the reverse hinding mods), however, have also
been observed. Inthe reverse binding mode, a hydrophilic aromatic ring can be positioned in the inner cavity, allowing a
sarboxylate (o hydrogen bond with Sar 117 and Ser 1177, In the raverse binding mods a halegen-substituted hydrophobic
ring can be positioned in the outer cavity.
{0035] Difiunisal can reduce TTR acid-mediated amyloidogenesis. The structure of diflunisal {(see Example 2} can be
used as the basis for designing new compaounds that can inhibit TTR amyioidogenesis. See, for example, Varbeecok R K ;
etal. Bicchem. Pharm. 1280, 29, 571-578, and Nueinbherg, B.; Koehler, G.; Brune, K Clin. Pharmacokin, 1991, 20, 8 1-89.
{0038] The compound of the present invention is §-Carboxy-2-(3, 5~-dichiorophenyl)-benzoxazole.
{00371 The compound 8-Carboxy-2-(3,5-dichlorophenvl)-benzoxazole may be used in the form of pharmaceutically
acceptable salts derived from inorganic or organic acids and bases. included among such acid salls are the following:
acetate, adipate, alginate, aspartate, benzoate, banzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphor-
suifonate, cyclopentanepropionate, digluconate, dodecyisulfate, sthanesulfonate, fumarate, glucoheptancate, giveer-
ophasphate, hemisulfate, heptancate, hexancale, hydrochloride, hydrobromide, hydrciodide, 2-hydroxyethanesuifo-
nate, lactate, maleate, methanesuifon atb -naphthalenasulfonate, nicotinate, oxalate, pamoate, pectinate, persulfaie, 3-
phenvl-propicnate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, tosylate and undecanocate. Base salls
include ammonium salts, aikali metal salls, such as sodium and potassium salls, alkaline earth metal salts, such as
salcium and magnesium salls, salts with organic bases, such as dicyclohexylaming salts, N-methyl-D-glucamine, and
saits with amino acids such as arginineg, lysine, and sofoith. Also, the basic nitrogen-containing groups can ba guatemized
with such agents as lower alkyl halides, such as methyi, ethyl, propyl, and butyl chioride, bromides and iodides; dialiyl
suifates, such as dimethyt, disthyi, dibutyl and diamyi suifates, long chain halides such as decyl, laurvl, myristyl and stearvi
chiorides, bromides and iodides, aralkyl halides, such as benzyl and phenethivl bromides and others. Water or oii-soluble
or dispersible products are thaereby obtained.
{0038} The compound §-Carboxy-2-(3,5-dichlorophenyi}-benzoxazole can stabilize TTR tetramers angd inhibit forma-
fion of TTR amylaid.
{0039} [n general the compound 8-Carboxy-2-(3, 5-dichlorophenyi}-benzoxazole can be synthesized by methnds
known in the art. Cne method of making the compounds is a Suzuki coupling:

Ry—-BY; ¢ Rp—X m Ry—R,
4 2 2 base LI

BY, = B(OH),, BOR),, 9-BBN, B{CHCH,CH(CH,),),
X =1 Br, Cl, 0S0,{C Fy ) n =014

Ry = aryl, alkenyt, alkyl
R = aryl, alkenyl, benzyi, allyl, aikyl

{00407 For example, a biphen"i compound can be formed by a Suzuki coupling of & phenyl boronic acid with a
bremaobenzang or an icdobenzene. Appropriate protecting groups may be needed to avold forming side products during
the praparation of a compound. Forexample, an amino substituent can be protected by a suitable amino protecting group
such as triflucroacsty! or tert-buioxyecarbonyl. Other protecting groups and reaction conditions can be found in T. W.
Greena, Protective Groups in Organic Synthesis, (3rd, 1989, dohn Wiley & Sons, New York, N.Y.).

Pharmaceutical Compositions

{0041} The compounds described herein {e.g., diftunisal analegs, polychlorinated biphenyis, or benzoxazoles) may be
formulated into pharmaceutical compositions that may be administerad orally, parenterally, by inhaiation spray, tepically,
rectaily, nasally, buccally, vaginally or via an implanted reservoir. The ferm “parenteral” as used herein includes
subcutanaous, infravenous, intramuscular, intra-articuiar, infra-synovial, intrastemal, intrathecal, intrahepatic, infrale-
sienal and intracranial injection or infusion technigues.

j0042] The pharmaceutical compositions can include any of the compounds, or pharmaceutically acceptable deriva-
tivesthereof, {ogetherwith any pharmaceuticaily acceptable carrier. Theterm "carrier” as used hereinincludes acceptable
adjuvanis andvehicdes. Pharmaceutically acceptable carriers that may be usedinthea pharmaceutical compositions of this
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invention include, but are not limited o, ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as
human serum altbumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride
mixtures of saturated vegelabie fatly acids, water, salls or electrolyles, such as protamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phasphate, sedium chioride, zine salls, colioidal silica, magnesium trisilicate, polyvinyt
pyrrolidona, cellulose-based substances, polvethylene glyenl, sodium carboxymethyleeliulose, polyacryiales, waxes,
polyathylense-polyoxypropyiene-biock polymers, polyethylens giycol and wodl fat.

{0043} The pharmaceutical compositions may be in the form of a sterile injectable preparation, for example a sterile
injectable aquecus or cleaginous suspension. This suspension may be formulated according 1o technigues known in the
art using suitable dispersing or wetling agents and suspending agents. The sterile injectable preparation may alsc be a
sterile injectable solulion or suspension in a non-toxic parenterally-acceptable diluent or solvent, for example as a solution
in 1, 3-butanediol. Ameng the acceptable vehicies and solvents that may be employed are water, Ringer's solution and
wotonic sodium chioride solution. In addilion, sterile, fixed cils are conventionally emploved as a solvant or suspending
medium. For this purpose, any bland fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids,
such as oleic acid and its glyceride derivatives are useful in the preparation of injectables, as do natural pharmaceuticaiiv-
acceptabla oils, such as olive oif or castor oif, especially in their polyoxyethylated version. These oil solutions or
suspensions may also contain a long-chain alcohol diluent or dispersant.

{0044] Thepharmaceutical compositions may be orally administeredin any orally acceptable dosage forminciuding, but
not limited to, capsules, tablets, aguaous suspeansions or solutions. in the case of fablets for oral use, carriers which are
commanly used include lactose and corn starch. Lubricaling agents, such as magnesium stearale, are also fypicaily
added. For oral administration in a capsule form, useful diluents include lactose and dried corn starch. When agueous
suspensions are required for oral use, the active ingredient is combined with emulsifying and suspending agents. if
desirad, certain sweetening, flavoring or coloring agents may also be added.

{00458} Alternatively, the pharmaceutical compositions may be administered in the form of suppositorias for rectal
administration. These can be prepared by mixing the agent with a suitable non-irritating excipient which is solid at room
temperature but liguid al the rectal temperature and therefore will melt in the rectum to releasa the drug. Such materials
inciude cocoa bulier, besswax and polyethylene giveols.

{0048] The pharmaceutical compositions may also be administered topically, especially when the target of treatment
includes areas or organs readily accessible by topical application, including diseases of the eye, the skin, or the lower
intestinal fract. Suitable topical formulations are readily prepared for each of these areas or organs.

{00471  Topical application for the lewer intestinal tract can be effected in a rectal suppository formulation (see above) or
in a suitable enema formulation. Topically-transdermal patches may also be used.

{0048] Fortopical applications, the pharmaceutical compositions may be formuiated in a suitable ointment containing
the active component suspended or dissolvedin one or more carriers. Carriers fortopical administration ofthe compaounds
inciude, but are not limited to, mineral oil) liguid petrotatum, white peticiatum, propyiene glycol, polyoxysthylens,
polyoxypropylene compound, emulsifying wax and water. Alternatively, the pharmaceutical compositions can be for-
mutated in a suitable Iotion or cream containing the aclive components suspended or dissolved in one or more
pharmaceutically acceptable carrders. Suitable carriers inciude, but are notlimiled to, mineral oi, soibitan monostearate,
polysorbate 80, cetyl esters wax, cetearyl alcohol, Z-octyldodecandl, benzyl alcohol and water,

{0048] Forophthalmic use, the pharmaceutical compaositions may be formulated as micronized suspensionsinisctonic,
pH adjusted sleriie saline, or, preferably, as solufions in isclonic, pH adjusted sterile saline, either with or without a
preservative such as benzylalkonium chioride. Alternatively, for ophthalmic uses, the pharmaceutical compasitions may
be formulated in an ointment such as petrolatum.

{00801 The pharmaceutical compositions may also be administered by nasal aerosol orinhalation through the use of a
nebutizer, a dry powder inhaler or a metered dose inhaler. Such compositions are prepared according to technigues well-
known in the art of pharmacautical formulation and may be prepared as solutions in saline, employing benzyl aicchol or
other suitable preservatlives, absorption promoters to enhance bicavailability, flucrocarbons, andfor other conventional
sotubilizing or dispersing agents.

{00811 The amountof active ingradientthat may be combined with the carrier materials to preduce asingie dosage form
will vary depending uponthe hostireated, andthe particular mode of administration. it should be understood, however, that
a specific desage and treatment ragimean for any particular patient will depend upon a variety of facters, including the
activity of the specific compound empioyed, the age, body weight, general heaith, sex, diet, ime of administration, rate of
exeretion, drug combination, and the judgment of the treating physician and the sevenly of the particular disease being
treated. The amount of active ingredient may aisc depend uponthe therapeutic or prophylacticagent, if any, withwhichthe
ingredient is co-administered.

{0082 An effective amount of a pharmaceutical composition is the amount which is required 1o confer a therapeutic
effecton the treated patient, andwill depend on avariety offactors, such as the nature ofthe inhibitor, the size ofthe patient,
the goal of the treatment, the nature ofthe pathology to be treated, the speacific pharmaceutical composition usad, andthe
judgment of the trealing physician. For reference, see Freireich et al., Cancer Chemather. Rep. 1866, 50, 219 and

e
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Saientific Tables, Geigy Pharmaceuticals, Ardiey, New York, 1870, 537, Dosage levels of between about 0.001 and about
100 mo/kg body weight per day, \ between about 0.1 and about 10 mgikg body weight per day of the active ingredient
compound may be useful.

{00831 Compeund 18 in Exampie 5 is the compound of the present invention.

EXAMPLES

Example 1. Prevention of Transthvretin Amyloid Disease by Changing Protein Misfolding Energetics

{0054] Hundreds ofhuman diseases, including the amyloidoses, are associated with protein misfolding. The &0 familial
mutations that exacerbate [for example, Vai30 — Met30 (V30M) and Leubs —» Pro55 (L55P)] or amelicrate [Thr119
Mel 119 (T11OMY transthyretin (TTR) amvloid patholegy provide valuable mechanistic insights. All disease-associated
mutations characterized thus far destabilize the TTR tetramer, and many influence the velocity of rate-limiting tetramer
dissociation, with rapid rates accelerating and slow rates retarding amyloidosis. We {ook advantage of the mechanism by
which T119M prevents disease in V3OM compound heterozygotes to develop small-molecuie TTR amyloid inhibitors that
dramatically siowed the initial misfolding event {tetramer dissociation) requiredfor partial monomer denaturation, enabling
misassembly into amyloid and other aggregates.

{00851 Hybrid telramers were isciated to better understand the mechanism of trans-suppression. increasing T119M
subunit stoichiometry relative to V30M [or L55F] shified the maximum for acid-mediated fibri formation to a lower pH,
decreased the overall yield of amyloid at physioiogically accessibie pH's (4.0}, and slowad the rate of acid-induced {pH
4.4) and methancl-mediated amyloidogenesis. Several small-moleciie TTR amyloid fibril inhibitors have been discov-
ared, asubsetofwhichwere studiad herein, inclidingiwe drugs approved by the U 8. Foodand Drug Administration (FDA)
{inhibitors & and 10) (Sacchetlini et al., Nature Rev. Drug Discovery 1, 2687(2002)}). The influence of smail-molecule
inhibitor binding on the vield and rate of wild-type (WT) TTR fibril formation was similar {o that of T119M subunit
incorporation. However, the shift to a lower pH optimum for fibril formation was not observed with all the inhibitors,
Thase inhibitors function by binding 1o the two equivalent thyroxine (T4) sites within the TTR tetramer, not the monomer.
{0086] Tetramer dissociation rates were measured by linking slow quaternary structural changes to the unfolding
fransition, with a rate of 5 x 107 times that of dissociation {(Hammarstrém et al., Proc. Natl. Acad. Sci. U S.A 9G, 18427
{2002)). Denaturation-detected dissociation is irrevearsible because the concentration of urea used (>80 M) cannot
support refolding. increasing T119M subunit stoichiomeatry relative to the V30M {or L55P] subunits revealed a dramatic
TTR (1.8 apM) tetramer disscciation rate decrease (rate limiting for amyloidogenesis) in three different denaturing
environments (acidic pH, agqueous methanci, or urea), explaining the origin of disease prevention.

{0877 Measurements of the WT TTR tetramer (1.8 uM) dissociation rate in the prasence of inhibitors € through 10{1.8
and 3.6 uM) showed dose-dependent slowing for all TTR-inhibitor complexes. The initial rate oftetramer dissociation was
roughly inversely proportional to the mole fraction of the tetramer boundtotwo inhibitors (T 1,). Inthe case ofinhibitors 8,7,
and 8 (1.8 pM), the amplitude of the singie exponantial correlatad primarily with dissociation of the unliganded {eframer
{and, to alesser extent, T 1}, implying that T - L, prevented tetramer dissociation in 8 M urea. {n contrast, formation of 7+
and T - L, for inhibitors & and 10 did not protect the tetramer substantially from dissociation in urea, revealing that binding
alone was insufficient. The efficient inhibition observedinthe caseof 8, 7, and 3 (3.6 uM) resulted from the binding energy
siabilizingthe T 1, complex by free energies exceeding 2.3 keal/mol (Delta G1 =RTIn([T - 1J[TH =RT In({i¥Kd1) and Deita
G2=RTIn{{T - LATH=RT In{{lI2/(Kd1"Kdz2)). Stabilizing T - iyrelativeto T by 2.7 keal/mol would translate to a twe-order-
of-magnitude decrease in the rate of TTR tetramer dissociation. The strong negatively cooperative binding of inhibitors 8
and 10 (3.€ uM) dictates that bindingto the second sife {1 - {,, pM dissociation constants) would notfurther stabilize TTR
relative to binding tothe first site (T - ). The nM dissociation constants (Kd1 and Kd2Z} of inhibitors 8, 7, and 8 would ensure
thatl ground-siate stabilization (2.3 kcal/mol) would be sufficient to substantially increase the activation barrier for TTR
tetramer dissociation, provided thatthe inhibitors did not bind 1o and similariy stabilize the dissocialive fransition state. The
inhibitor dissociationrates fromthe T - |5 and T - { complex could also play a role inthe efficacy ofinhibitors 8,7, and 2. TTR
saturated with inhibitor was immaohilized by an antibody resin, over which agueous buffer was passed at 5.0 mifmin to
evaluate effective dissociation rates of 8 through 10, The bestinhibitors were those with the lowest apparent dissociation
rates

[0058] Although there is generally a vary good correlation betwaen the amyloidogenesis rates (acidic conditions) and
tetramer dissociation rates (in urea) in the presernce of inhibitors, this need not be the case. Amyloidogenesis reguiires
concentration-depandent misassembly after dissociation. Thus; small molecules will generally be more effective at
preventing fiori formation than felramer disscciation, espacially when the inhibitor can keep the concentration of the
monomeric amyloidegenic intermediate low (<3.86 M), where fibril formation is very inefficient. Cccasionally, tetramer
disscciation rates measured in urea will not accurately predict the rank ordering of inhibitor efficacy under acidic
sonditions. For example, the FDA-approved drug diffunisal (8) was a much belter amyioid inhibiter than a telramer

A

disscoiation inhibitor. Alikely explanation for this observation is that Kd1 and/or KdZ are lower in acid than inurea {18} In
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addifion, someinhibitors parform much better under denatuiing conditions than their binding constants determined under
physiological conditions would suggest. For exampie, compound 2 was more or equally efficient at preventing tetramer
dissociation {urea} and fibril formation (acid) than was inhibitor 7, despite inhibitor ¢ having Kd1 and Kd2 values that were
10 and 83 timesthatof 7, respectively (measured undar physiological conditions). Thus, itisimpaortantiojudge the efficacy
of misfoiding inhititers under a variety of denaturing conditions and not just undar physiciogical conditions.

{0088] Inclusion of T1189M trans-suppressor subunits info telramers otherwise composed of disease-associated
subunits could decrease the rate of tetramer dissociation by stabilizing the tetrameric ground stale 1o a greater extent
than the transition state (as is the case with the small-molecula inhibitors) andfor by destabilizing the transition state of
disscoiation. To distinguish between these possibilities, we compared the reconstitution kinetics of WT and T119M
homotetramers. Refolding of T119M monomers was rapid and within error of the folding rate of WT TTR monomaers.
However, reassembly of T118M folded monomars was two orders of magnituda slower thanthe tetramerization of WT TTR
monomars inttiated by urea dilution. The reassembiy process is biphasic, which can be explained by the presence of an
observable intermediate in the assembly pathway (probably a dimer). In the opposite direction, the T119M {etramer
dissociates at 1/37 the rate exhibited by the WT TTR tetramer. These kinetlic effects cannot be attributed o differences in
tertiary structural stability andfor tetramer stability. A direct comparison of the thermoedynamic stability of WT and T119M
monomers {emploving an enginesred monomeric T1R construct (M-TTR)) revealed a difference in the free snergy Delta
Deita G for unfolding of only 0.4 kcalfmol, muchlessthanthe 2.1 and 2.7 kcal/mol required to explain the dissociation and
assembly rate differences, respectively. A thermaodynamic cycie analvsis of T119M and WT TTR revealad that T119M
prevents dissociation of the lelramer by destabilizing the dissociation transition state by approx 3.1 kealfmal, not by
{etramer stabilization. Accordingtothis analysis, the T 118Mtetramer is actually destabilized by 0.9 keal/mol relative to WT,
further supporting a kinetic stabilization mechanism. The free-energy difference bebtween WT and T119M telramer
dissodciation cannot be measured through urea-medialed unfolding because THMOM denaturation in urea reguires
exceedingly long incubation periods (several weeks), during which TTR becomes modified. Comparisons of guanidinium
chioride {GdmC1) and guanidinium thiccyanate {GdmSCN) denaturation curves revealed that WT TTR was more
rasistant to GAmC1 denaturation than was T119M, whereas the opposite was frue in GdmSCN. These differences in
midpoints of denaturation can be attribuled o differential anion stabllization, suggesting that the true thermodynamic
stabilities of these proteins are very similar, although a quantitative analysis is not possibie in these chaotropes.
{00801 T1oMtrans-suppressionis principally mediated by destabilization ofthe dissociative transition state, consistent
with positioning of T 119M at the dimer-dimer interface. increasing the dissceciative transition-siate enargy by 3.1 kealimol
affectively prevents telramer dissociation bacause the aclivation barrier becomes insurmountable {dissociation halflife
11/2 increases from approx 42 hours to >1500 hours). Smail-molecule binding similarly increases the activation barrier
associated with tetramer dissociation in & dose-dependant fashion, githough this is mediated through telramer stabiliza-
tion {relative to transition state stakilization). The extent of stabilization is maximal when the small-molecule dissociation
constants Kd1 and Kd2 are as low as possible and the concentration of inhibitor is as high as possible. The concentrations
used in our experiments for ground-staie stabilization are comparabie to those observed in plasma for numerous orally
available drugs.

{00817 Small-moiecule binding and trans-suppression increase the activation energy associated with tetramer dis-
sociation, the rate-limiting step of TTR fibril formation. Establishingthis analogy isimportant because itis known thatirans-
suppression prevents disease in V30M compound heterozygoles. Kinelic stabilization of the native state is a particuiarly
altractive sitrategy, considering the emerging evidenca that small misfoldad cligomers are neurctoxic. Discovering small-
moiecule binders or developing a trans-suppression appreach o tune the energy landscape of other pathologically
relevant proteins with a predileciion to misfold should now be considered.

Example 2; Diflunisal Analogs Stabilize the Native Stale of Transthyretin and are Inhibitors of Transthyretin Amyloid
Fibril Formation

{0062] Diffunisal (1) can reduce Transthyrelin (TTR)} amyloidogenesis. For axample, under certain conditions (e.q., 3.6
puMTTR, 3.6 M difiunisal, pH 4.4, 72 h, 37°C), diflunisal reduces TTR amylcidogensesis by 83%. Underthese conditions,
doubling the diflunisal concentration (1o 7.2 uM) reduces amyloidogenesis by 87%. Diflunisal is one of the better amyloid
fibril inhibitors reportad o date and coraily administered difunisal is highly bioavailable, affording a sustained plasma
soencentration exceeding 100 uM at a dose of 250 mg twice daily. Because diffunisal is a cyclooxygenase-Z inhibitor, long-
term administration could lead 1o gastrointestinal side effects. Analogs of diflunisal that have reduced or absent NSAID
activily, but possess high affinity for TTR in blood plasma, are therefore oplionally desirable. The siructure of diffunisal can
thus be used as the basis for designing new compounds that can inhibit TTR amyioidegenesis. See, for example,
Verbeeck, R. K., etal. Biochem. Pharm. 1880, 28, 571-578; and Nuemberg, B.; Koehier, G.; Brune, K. Clin. Pharmacokin.
1991, 20, 831-86.

{00631 Difiunisal analogs were synthesized using a Pd-mediated Suzuki coupling batween an aryl halide and an arnyi
horonic acid. The synthasis of analogs 2-10 was achieved by acelylation of githar 3- or 4-indephencl with acetic anhydride
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and pyridine, followed by Suzuki coupling with the appropriate fiuoraphany! boronic acid under the standard Suzuki
coupling reaction conditions, as shown in Scheme 1. Removal of the ester with Na® and MeCH (Zemplén conditions)
provided phenols 2-10. Seeg, for exampie, Mivaura, N.; Yanagi, T.; Suzuki, A Synth. Commun. 1881, 11, 513-518; Sharp,
M.J. Shieckus, V. Tetrahadron Lett. 1885, 26, 5987-6300; Sharp, M. J.; Chang, W, Snieckus, V. Tetrahedron Lett. 1887,
28, 5083-5086; Pozsgay, V., Nanast, P, Neszmelyl, A Carbohydr. Res. 1981, 80, 215-231; Jendralia, H., Chen, L-J.
Synthesis 1980, 827-833; and Kelm, J.; Strauss, K. Spectrochim. Acta, Part A 1881, 37, 639-882. Acta, Fart A 1881, 37,
589-692.
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Scheme 1

foged] Difiunisal analog 11 was synthesized using solid-phase methods, asshownin Scheme 2. 3-icdobenzoic acid was
soeupled to Wang rasin via an ester linkage, affording the resin-bound phenvliodide, which was then coupled o 2 4-
difiuorophenyl boronic zsid, and cleaved from the resinwith a 1.1 mixture of TFAICH,Cl,,. See, for example, Guiles, J. W,
Johnson, S, G, Murray, W. V. J. Org. Cheam. 1888, 61, 51688-5171 .

oo
HER, BICHHEE
HOBYL CHCh 8

240 Busrophenyiarenie aeld
Scheme 2

{0065] Carboxylate-containing substrates 12-22 were assembled by coupling of either mathyl-3-bromchenzoate or
methyl-d-bromobenzoate (both commercially available) with the appropriate fluorophenyi boronic acid utilizing standard
Suzuki coupling conditions {(see above), as shown in Scheme 3. The ester was then saponified with LICH-H, G to provide
the corresponding carboxviate. Ses, for example, Bumagin, N. A, Bykov, V. V. Tetrahedron 1897, 83, 14437-14454;
Ananthakiishnanadar, P, Kannan, N, J. Chem. Scc., Perkin Trans. 219882, 1305-1308; Homsl, £, Nozaki, K., Hivama, T.
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Telrahadron Letl. 2000, 41, 5889-5872; and Hajduk, P J.; et al. J. Med. Chem. 1697, 40, 3144-3150 .
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Scheme 3

{0068] S-odosalicylic acid was esterified using TMS-CH,N,, and the phenol was converted into a methyl ether
employing Mel. The protected salicvlic acid was coupled with the various fluorophenyl boronic acids, and subsequently
deprotectad by LIOH-H, 0 saponification and BBr; demethylation to provide salicylic acid derivatives 23-27, as shown in
Scheme 4. See, forexample, Nicolaou, K. C.; etal. Chem. Eur. J. 1999, 5, 2602-2621; and Chu-Moyer, M. Y.; etal. d. Med.
Cham. 2002, 45 511-528.
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{0087} 3 5-Dihaio-4-hydroxyl-containing analogs 28-31 wera synthesized by first protecting the commercially avail-
able bromophenol as the methyt ether (Mal and K.CQOy). Suzuki coupling with a (methoxycarbonylpheny) boronic acid
resuited in the formation of the fully protected biphenyl substrates. BBry-mediated methyl ether cleavage and saponifica-
tion with LIOH-H, O provided the fully functionalized difiunisal analogs 28-31, as shown in Scheme 5.
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[0088] Methyi ethar and methyl ester analogs of diffunisal were synthesized by esterification of the carboxylic acid with
TMS-diazomethane to provide 32, optionally followed by etherification with Mel and K;CO,, and ester hydrolysis with

LIOH H,0 1o afford 33. See Scheme €.

Schewma §

{00681 A series of halogenated biphenyls 34-38 were assembled by Suzuki coupling of iodobenzene with a series of
halogan-containing boronic acids, asshownin Schame 7. See, forexample, Patrick, T. 8., Willaredt, R P DeGonia, D. 4. J.
Qrg. Chem. 1885, 50, 2232-2235; Kuchar, M.; et al. Collection of Czechosiovak Chemical Communicalions 1988, 53,
1882-1872; Allen, K. J.; Bolton, R.; Williams, G. H. J. Chem Soc., Perkin Trans. 2 1883, 621-885; Nakada M. et al. Bull.
Chem. Soc. Jpn. 1889, 82, 3122-3128; and weingarten, H. J. Org Chem. 1881, 26, 730-733 .
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{00701 Chlorinated biaryl aldehydes were assembled using 3,5-dichlorciodobenzene and sither2-, 3- or 4-formyiphenyl
borenic acid, as shown in Scheme 8. Aldehvdes 42-44, lacking the halogen substitution, ware preparad analogously.
Aldehydes 38-41 were sither oxidized with KMnG in acetonedwater to provide the corresponding carboxylic acids 45-47
or reduced with NaBH, in MeOH to provide the corresponding benzyl alcohols 48-80, Scheme 8. Reduction of the non-
chiorinated aldehydes 42-44 with NaBH, and MeOH produced the biphenyl benzylic alcohols 51-83. See, for example,
Song, X. P He H. T Siahaan, T. J. Crg. Lelt. 2002 4, 548-552; and Nicolaou, K. C.; etal. J. Am. Chem. Soc. 2001, 123,
9313-9323; Hashizume, H.; et al. Chem. Pharm. Bull. 1884, 42, 512-520; indolese, A F. Tetrahedron Lelt. 1897, 38,
3513-3516; Pridgen, L. N.; Snyder, L, Prol, J. d. Org. Chem. 1989, 54, 1523-1528; Huang, C. G.; Beveridge, K. A Wan, P
J.Am. Chem. Soc. 1981, 113, 7676-7684; Wendeborn, 8., et al. Synlett. 1988, 6 6871-675, Stevens, C. V. Peristeropouiouy,
M.. De Kimpe, N. Tetrahedron 2001, 57, 7865-7870; Tanaka, K., Kishigami, 8., Toda, F. J. Org. Chem. 1280, 55,
2881-2983; and Clive, D. L. J; Kang, S. Z. J. Crg. Chem. 2001, 68, 6083-6021 .

14



10

15

34

&5

DK/EP 1587821 T6

Bul{PFhgly
2 ag Neglly
B et o
¥ tetians, B
15-Dichloraledobanssns w%e
iodoboreens Ifarmyiphamdborenis sold
S-Farmyiphonyibarenic asid
S-Formyiphenyiborenie seld
Phenylboronts asid

£68288
XEEQOON

LTEZHOON o

Sc&emg 8

{00711 3.5 -Diflucroformyl-funcdonalized biphenvis 54 and 85 were synthesized vie Suzuki coupling of 3,5-cifluor-
ophenvl boronic acid with either 2- or 3-icdnbanzaldehyde, as shown in Scheme 9. Al other inhibitors were synthesized by
similar methods and reported previcusly. Compounds 18, 21, 35, 38 and 43 are commaeraiaily available.

A PdPFhaly

r)\ﬁ 2M ag NagC

g o+ S o

\7\'\?{?«5 ~ tolsene, EI0H

3 70°%
J4dodebenzaidehyde 3,8-Diftesrophenyiborenic asld . ' T GHO positian
4-todobenzaldehyde 54 . 3
. 58 4
- Scheme $

{0072} Reagents and solvents were purchased from Aldrich, Lancaster, Acros, Combi-Blocks, Matiix and Pfaltz-Bauer,
THF and CH,Cl, were dried by passage over Al,O5. Cther solvents and reagents were obtained from commercial
suppliers and were used without further purification unless otherwise noted. Reactions were monitored by analytical thin
fayer chiomatography (TLC) onsilica gel 80 Fs54 pre-coated plates with fiuorescentindicator purchasedfrom EM Science.
Visualization ofthe TLC plates was accomplished by UV illumination, phosphomolybdic acid treatmentfollowed by heat or
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certc ammaonium molybdate treatment followed by heat. Flash chromatography was performed using silica gel 60
{230-400 mesh) from EM Science. The purity of new compounds that were essential to the conclusions drawn in the
text were determined by HPLC. Normal phase HPLC was performed with a Waters 800 pump/controller, a Walers 886
photodiode array detector and a VWalers NovaPak silica column. Tha solvant system amployed was hexanes and ethyl
acelale, and gradients were run from 50:50 hexanes ethy! acetate 1o 0100 hexanes ethyl acetate over 30 min. Reverse
phase HFPLC was performead with a Waters 800 pump/controiier, a Waters 2487 dual wave‘mnc‘h detector and a Vydac
protein and peptide C18 column. Sclventsystem Awas 955 water acetonitrile with 0.5 % triflucroacetic acid and solvent B
was 595 water acetonitrile with 0.5 St trifluorcaceatic acid. Gradisnts wara runfrom 100:0 A B to 0:100 AB over 20 minwith
a hold at 100 % B for an additional 10 min. Circular dichroism spectroscopy was peiformed on an AVIY instruments
spectrometer, model 2028F. NMR spectra were recorded on a Varian FT NMR spectrometer at a proten frequency of 400
MHz. Proton chemical shifts are reperted in parts per million {ppm) with reference to CHCI; a8 the internal chemical shift
standard (7.28 ppm) uniess otherwise noted. Coupling constanis are reported in hertz (Hz). Carbon chemical shifis are
reported in parts per million {ppm} with reference to CDCl, as the chemical shift standard (77.23 ppm) unless otherwise
noted. All mass spectrawere obtained at The Scripps Research Institute Center for Mass Spectrometry orthe University of
{Hinois Mass Spectrometiy Laboratory.

[0073] Compounds 2-10 were prepared according to Scheme 1. To a solution of the appropriate acetic acid-iodophenyi
ester {1.0 equiv) dissclvedin enough tolueneto give a concentration of 0.05 M, was added asolution of phenyl boronic acid
{1.1 equiv) dissolved in ZtOH to give a 0.8 M solution with respect to the boronic acid. A2 M aguecus solution of Na,C04
was added to give a final reaction concentration of .03 M with respect to the acelic acid-indophanyt ester, followed by
addition of Pd{PPh4), (4.0 mol %). The reactionwas heatedto reflux under Arfor 20k, and upon completion, was cocledto
rtand extracted with CH, Cl, (2}, washadwith brine (1X}, dried over MgS0 and concentratedinvacuo. The residue was
purified by flash chromatography (101 hexane ethyl acetate) to afford the acetylatad biphenyl.

[0074] A catalylic amount of Na® was added to a sciution of the acetylated biphenyl in MeOH to provide a final reaction
concentration of 0.3 M. The reactionwas allowed to stir at rtunder Arfor 12 h, after which Dowex 50W-X8 cation exchange
resin was added to neutralize the reaction mixture. The resin was filtered and the filtrate was concentrated in vacuo and
flagh chromatographed (3.1 haxane athyl acetate) to afford the hydraxybiphenvl products as white solids in 22 - 75 %
vields.

[0078] 2,4 -Difiucrobiphenyl-3-0f {2). H NMR (DMSO-dg, 400 MHz) § 9.83 (brs, 1H), 7

7.34 (dds, 1H, J= 111,82, 2.6 Hz), 7.27 {m, 1H}, 717 (ide, 1H, 4= 8.3, ?6,17H?),69"’n 5 1{ddd, 1H,J=81
2.5, 1.0 Hz). 1SC NMR (DMSO-dg, 100MHz) 3 162. 8, 160.3, 157 .4, 135.4, 131.8,128.7, 118.4, 6 114.8, 111.6, 104 4.
HRESIMS caicuiatcd for Gy HsF,0 (M-H) 205.0488, found 205.0488. Normal phase HPLC retention time: 10.5 min.
Reverse phase HPLC retention time: 1.3 min. >89 % pure

{0078} 2,4 -Difluorobiphenyl-4-ol (3. THNMR (DMSO-dg, 400 MHz) § 7.49(td, 1H, /= 8.4, 8.8 Hz), 7.34 (AA'XX, 2H,
dpa T T 2.5 HE, Uyn =87 HZ, Uy =8.5HZ, yoa =0.3H2, dyy =03 M2 va = vy = 28341 Hz vy = vy = = 274621 2Hz),7.28
{ddd, 2H,J=11.3,9.4, 2.6 H=},7.13(dddd, 1H, /=8.37.5,2.8,1.0Hz),6 Q? (AA‘M 2H, as above). 130 NMR (DMSOC-d;,
100 MHz) 8 162.3, 160.0, 157.2, 1314, 120.9, 124.8, 115.4, 111.8, 104 3. HRESIMS calculated for C,HLF,0 (M- H:
205.0464, found 205.0485. Normal phase HPLC retenticn time: 11.2 min. Reverse phase HPLC retention time: 12.6 min.
>88 % puire.

[0077] 3,5 -Diftluorobiphenyl-3-o0l{8). THNMR (DMSO-dg, 400 MHz) §8.85 (brs, 1H}, 7.34 (m, 2H), 7.28(, 1H,J=7.9
Hz), 740 1H, J=9.1,2 2Hz), 7.13{ddd, 1H, J=7.8,1.8, 1.0Hz), 7.08{, 1H, J=2.1Hz), 8 86 (ddd, 1H, J=80,24 10
Hz). 13C NMR (DMSO-dg, 100 MHz) 6 162.9, 158.0, 144.1, 138.1,130.1, 117.6, 115.7, 108.7, 102.6. HRESIMS calculated
for CyaHgF,O (M-H) 205.0468, found 205.0468. Normal phase HPLC retention t.me. 11.4 min. Reverse phase HFLC
retention time: 12.9 min. »>92 % pure.

[0078] 3,5 -Diffucrobiphenyl-4-0f (8). THNMR (CDCl,, 400 MMz} 8 7 44 {ANXX, 2H, J g0 =y = 3.0HZ, Jyp =8.0Hz,
Syop =8 OHZ Jyoq = 0.7 HZ, Uy a = 0.0Hz, v, =y, =2873.8Hz vy =V, =2766.0Hz), 7.05 (dtd, 2H, J=6.6,2.4,0.7 Hz), 6.92
{(AAXX, 2H, asabove)}, 6,74 (1, 1H,/=8.8,2 4Hz) E.11 (s, 1H). BCNMR (CDCL,, 100 MHz) §164.7, 1561, 144.2,131.8
128.6,116.1, 102.6, 102.1. HRESIMS calculated for CaHg GOy (M-H) ’305,()465, found 205.0465. \!o mal phase HPLL:
retention time: 10.8 min. Reverse phase HPLC retention time: 12.9 min. >88 % pure.

00791 2,4’ -Diftucrobiphenyi-3-carboxylic acid {11). Compound 11 was prepared according to Scheme 2. 3-lodo-
benzoicacid (200 myg, 0.81 mmol), BIEA {140 pL, 0.81 mmal}, EDCI-HCtand HOBtwere added o a sclution of Wangrasin
{265 mg, 0.67 mmol, 2.53 mmol/g) swealled in CH,Cly (10 mL). After rigorcus shaking on a peplide shaker for 22 h at it the
scivent was removed and the resin was washed with DMF (3 % 10 mL} and CH,Cl, (3 = 10 mL} and dried thoroughly in
vacko. -

foos0l  2.4-Diflucropheny! barenic acid (112 mg, 0.71 mmal}, l*<2CQq {98 mg, 0.71 mmal) and Pdy{dba)y (4 mg, 0. C“.
mmol)were addadio asolution offunctionalized Wang resin (140 mg, 0.35 mmol) swelledin DMF (2 mL). Afterstirring at
the reaction was filtered and the resin was washed with DMF (3X), H,0 {(3X), CH,CL, (3} and MeOH (3X) and dncd
thoroughly in vacuo.

{00811 A solution of TFAICH,Cl, (3 mL 1.1} was added to functionalized resin (140 mg, 9.35 mmol) and shaken

54 {td, 1H, J= 8.9, 6.7 Hz),
2H),
15
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vigorously on a peplide shaker for 13 hat i After completion, the reaction was filterad, the resin was washed with CH5Cl,
{3}, the filtrate was concentrated in vacuoc and purified by flash chromatography (2.1 hexane:ethyl acetate, 0.5 % acstic
acid) to afford 11 (81 mg, 100 %) as a white solid. THNMR (DMSO0-dg, 400 MHz) 5 13,18 {brs, 1H}, 8.07 (g, 1H,J=1.7 Hz),
7.99(ct tH,J=7.9,18Hz), 7.78(dg, 1H, J=7.8,1.3Hz), 7.64 (m, 2H}, 7.40 (ddd, 1H, J=11.1,8 8, 2.5Hz), 7. 22 (tdd, 1H,J
=8.4,28 1.0Hz). 13C NMR (DMSO-dg, 100 MHz) 5 167.0, 160.7, 160.4, 134.5,133.0, 132.0, 131.3,129.4, 12¢.1, 1287,
123.8, 112.2,104.6. HRESIME calculatedfor C 3 F. 0, (M-H) 233.04 14, found 233.0426. Normal phase HPLC retention
fime: 13.7 min. Reverse phase HPLC retention timea: 12.5 min. >88 % pure.
{0082} Compounds 12-22 were prepared according te Scheme 3. To a solution of the appropriate methyl bromobenzo-
ate (1.0 equiv} dissolved in enough toluene to give a concentration of 0.1 M, was added a solution of phenyi boronic acid
{2.0equiv) dissolvedin EtOHto give 2 1.0 M solution of boronic acid. A 2 M agueous solution ¢f Na, CO4 was added to give
afi ndi reaction concentration of §.06 M with respest to the bromobenzoate, followed by additon of Pd {PPhg), (10.0 mal
%o). The reaction was siirred at 70 °C under Arfor 25 1, and upen complation, was cooled to ri and exiracted with CH,CI,
\2x), v'ashed with brine (1x), dried over MgS0O, and ccncentrated in vacuo. The residue was purified by flash chromatoe-
graphy {10:1 hexane:ethyl acetate) to afford the methyl ester.
{00831 To a solution of methyi ester (1.0 equiv) in THF MeOHH,O (1:1:1) at a concentration of 0.08 M, was added
LIOH M0 (3.0 equiv). The reaction was stirred at rifor 4 h, and upon completion, was acidified with 30 % HCI, extracted
with ethyl acetate {b X S mL), dried over MgSG, and concentrated in vacuo. The residue was purified by flash
chromatography (CH,Cly, 1 % MeOH, (.2 % acetic acid) to afford the biphenyl carboxylic acids as white solids in € -
83 % VEL« ids.
{0084] 2,4 -Diftuorobiphenyi-d-carboxyiic acid {12}, "H NMR (DMSO-dg, 400 MHz) 8 13.09 {brs, 1H), 8.04 (AAXX,
2H, dpp Ty = 20HZ, dyq Fhea T B.OHZ, Jyon i =07 HZ VA =V = 32133 Hz, vy = vy = 30562 Hz), 7. 85 {AA XX 2H,
asabove), 7.83(m, 1H),7.38 (ddd, 1H, J=11.2,8.0,2.8Hz}, 7. ?’i (td, 1H, J= 8.4, 2 2 Hz). 1BC NMR (DMSC-dg, 100 MHzZ} 5
187.1, 180.8, 158.0, 1388, 132.1, 130.1, 120.8, 120.0, 123.9, M2.2, 1047 HRE@!\:& caiculated for CiaHgh Oy (M-H)
233.0414, found 233.0407. Normal phase HPLC retention time. 13.3 min. Reverse phase HPLC retention time: 12.3 min.
>89 % pure,
{6{385} 2 -Fluorobiphenyl-3-carboxylic acid (15}, THNMR (CD,0D, 400 MMz 8 8.18{q, 1H, J=1.4Hz), 8.03 (o, 1H, J
7.8, 1.3Hz),7.76(dg, 1H, J=7.7 1.5Hz), 7.55 (4, 1H, /=7 8Hz), 7 48 (1d, 1M, J=7.8, 1.7 Mz}, 7.38 (dddd, 1H, J=8.3,7.5,
1,1.8Hz),7.28(td, 1H,J=7.8,1.3Hz),7.20 (ddd, 1H, /= 11.0, 8.2, 1.2 Hz). RCNMR (CD40D, 100 MHz) & 188.7, 161.2,
’H/b 134.8,132.4,132.0,13%1.3,130.1,128.8, 128 5, 126.0, 117.2 HRESIMS calc ;atﬁdfomﬁh FO, (M-H) 215 0808,
found215.0488. Normal phase HPLC ratentiontime: 10.8 min. Reverse phase HPLC retentiontime: 12,1 min. >28 % pure.
j0088] 2'-Fluorobiphenyl- 4-carb0xyisc:acsd {18}. 'H NMR {DMSO-dg, 400 MHz) 6 13.10(brs, 1H), 8.05 (AAXX, ZH,
Jaa T T VTHZ dyq 5 don 8.5 HZ, Jyopa =y n F0.3HZ, v =V = 32179 Ha, vy = v = B070.0HZ), 7.67 (AN, 2H, s
above), 7.58 (id, 1H, /= 8.0, 1.8 Hz), 7.34 {m, 1H). 13C NMR (Di\,',SLTJ dg, 100 MH2) 8 1671, 1591, 139.4, 130.8, 130.3,
130.2, 120.6, 120.0, 127.3, 1251, 116.2. HRESIMS calcuiated for C3HgF O, (M-H) 215.0508, found 215.0515. Normai
phase HPLC retention time: 12.3 min. Reverse phase HPLC retention time: 12.2 min. »88 % pure.
{00871 3,5 -Difiucrobiphenyl-3-carboxylic acid (17}, TH NMR {acstone-dg, 400 MHz) § 8.30 (id, 1H, J =2, 0.5 Hz),
8.10(did, 1H,y=7.6,11,05Hz), 7 87 (ddd, 1H,J=7.8,2.0, 1.1 Hz), 784 (d, 1H,J=7.8,0.8 Hz), 7.38(m, 2H), 7.08 (&, 1H,
J=9.3, 2.4 Hz). 13C NMR (acetone-d;, 100 MHz) 5 167.4, 1656, 183.2, 144.8, 139.8, 132.5, 1324, ’;30.0, 130.3,128.9,
1.0, 103.7 HRESIMS zalculated for Cy4HgF,0, (M-H) 233 0414, found 233.0425. Normal phase HPLC refention fime:
13.5 min. Reverse phase HPLC relention time: 12.7 min. >88 % pure.
{0088] 3,5 -Diftuorobiphenyi-d-carboxylic acid {18). THNMR (DMSO-dg, 400 MHz) 5 13.15(brs, 1H}, 8.02(d, 2H, J=
B.2Hz), 7.85(d, 2H, J=B.5Hz), 7.49{m, 2H}, 7.26 (1, 1H, /= 9.4, 2.4 Hz). 13C NMR (DMSO-dg, 100 MHz) § 166.4, 184.1,
161.7, 1428, 141.8, 130.8, 130.0, 127 1, 110.2, 1035 HRESIMS calcutated for C 3HaF,0, (M-H) 233.0414, found
233.0423. Normal phase HPLT retention e 13.0 min. Reverse phase HPLC retention time: 12.8 min. >38 % pure.
{0088} 2.8 -Diftuorobiphenyi-3-carboxyiic acid {19}, "H NMR {DMSO-d,, 400 MHz) 5 8.03(dt, 1H, /= 7.8, 1.6 Hz),
8.00{m, 1H), 7.72{d, ‘H—-‘ J=7.8,1.4Hz), 7.84{t, 1H,J=7.7Hz), 7.53{(m, 1H}, 7.26 (t, 2H, J=8.3 Hz). 13C NMR (DMSO-dg,
100 MHz) 8 167.7, 1887, 1*‘3 0, 132.2, 1314, 1314, 1289, 1285, 1285, 1128, 110.9. HRESIMS calculated for
CyaHagFo0y (M-H) 2u .O’H«-}, found 233.0410. Normal phase HPLC retention time: 12.1 min. Reverse phase HPLC
retention time: 12.1 min. 87 % pure.
{00801 2,8 -Diflucrobiphenyi-4-carboxylic acid {20} TH NMR (DMSO- dg, 400 MHz} 6 8.06 (AN, 2H, Jua =iy =
20HZ Jyp =y = 8.0HZ Jyny =y =07 HZ vy = vy =3243 8 Hz vy =vy =3018.6 Hz), 7. 80 (AA XX 2H, as above}, 7.54
{m, 1H), 7.27 {t, 2H, J = 8.3 Hz}. *3C NMR (DMS0-dg, 100 MHz) 5 171.0, 1684.0, 134.1, 1257, 122.0 , 12‘.“, 121.1, 103.4.
HRESIMS calculated for CyaHgF, 0, (M-H) 233.0414, found 233.0425. Normal phase HPLC retention time: 14.5 min.
Reverse phase HPLC retention time: 12.1 min. >898 % pure.
{0081] Biphenyh-4-carboxylicacid (22). TH NMR (DMSC-dg, 400 MHz) 8 13.07 {bre, 1H), 8.03 (AAXX, 2H, daa = Jyx
=18H2, Ay =dhon=83H2 Sy pn =y =03 HZ v, =va = 32107 Mz, vy = vy = 3122.0 Hz), 7.81 KAAXX’ 2H, as above),
TAE(m, 2H), 7510 2H, d =72, 1 R, TAB (G HH, U = 7.4, 1.2 Hz), 130 NMR {DMSO-dg, 100 MHz) § 187 2, 144 2,
138.0, 130.0, 128.8, 126.1, 128.3, 127.0, 126.8. HREIMS calculated for CiaH,50, (M+) 198.0683, found 198.0683.
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Normal phase HFLC retention time: 13.8 min. Reverse phase HPLC retention time: 12.2 min. =89 % pure.

j0082] Methyl-8-iodo-2-methoxybenzoate, TMES-diazomethane {18.25 mL, 38.50 mmol, 2 M solution in hexane) was
addedto asolution of 5-iodesalicylic acid (5.08 g, 19.24 mmol) in MeOH (20 miy andstirred at i for 11 h. Upon compistion,
the reaction was concenirated in vacuc and the residue was carried onto the next step without further purification.
{00931 Methyl icdide (2,40 mi, 38.48 mmol) and K,CO04 (10.60 ¢, 76.98 mmol) were added to a solution of 5-iodo-2-
methoxybenzoate {(5.37 g, 19.24 mmoal) in DMF (20 mL) and stirred at rt under Arfor 24 h. Upon completion, ethyi acetate
was added and the reaction was washed with 1 % HCI (2 X 20 mL), brine {1X}, dried over MgSO, and concentrated in
vacuo. The residue was purified by flash chromatography (311 hexane ethyi acetate) 1o afford methvl-5-iodo-2-methox-
yoanzoata {4.93 g, 88 %} as a while solid. See, for example, Corey, &, J.; Myers, A, G, J. Am. Chem. Soc. 1885, 107,
5574-5576, whichis incorporated by reference in its entirety. TH NMR {(DMSO-dg, 400MHZz} 8 7.60(d, 1H, J=2.4Hz),7 80
{dd, 1H, J=8.8,2.4Hz), 8.86(d, 1H, J= 8.0 Hz), 3.81 (s, 3H}, 3.79 (5, 3H), 15 NMR (DMSBC-dg, 100 \AH?\ 164.7,158.0,
141.8, 138.5, 122.2, 115.2, 82.1, 55.8, 52.0. HREIMS calculated for CgHgiO, (M+) 261 9008 found 281.9596.

{0094} Compounds 23-27 were prepared according to Schame 4. To a solution of methyl-5-iodo-2-methoxy benzcate
{1.0equiv) dissolved in enough toluene to give a concentration of .08 M, was added a solution of phenyi boronicacid (2.0
aquiv) dissolved in EIOH to give 2 0.8 M salution of borenis acid. A2 M aquecus solution of Na,CO4 was added to give a
final reaction concentration of 0.08 M with respect to the methoxybenzoate, followed by addition of PA{PPh,), (10.C mol
%). The reaction was stirred at 60 °C under Arfor 15 h, and upon completion, was cooled to ri and extracted with CH,Cl,
{2x}, washed with bring {1X}, diied over MgSO, and concentrated in vacuc. The residue was purified by flash
chromatography (3.1 hexaneethyl acetate) to afford the methylated salicylates.

{0088] To a solution of the methylated salicylate (1.0 equiv) in enocugh CH,CL; to give a concentration of 0.06 M, was
added BBr; (2.0 equiv, 1 M sclutionin CH,CL). The reaction was stirred at rt under Arfor 4 h, and upon completion, was
quenched with H, O (10ml), extracted with CH,Cl, (2%}, washed with brine (1X}, dried over MaS0, and concenirated in
vacuo. The residue was carriad onto the next step without further purification.

{0086] To a solution of methyi ester {1.0 equiv) in THF:MeOH:H,O (1:1:1} at & concentration of 0.06 M, was added
LIOHH,0 (3.0 squiv). The reaction was stirred at rifor 4 h, and upon completion, was acidified with 30 % HCI, extracted
with Lt“VE acetate (3 x5 mi), dried over MgS0, and concentrated in vacuo. The residue was purified by flash
chromatography (CH,Cly, 1% MeOH, 8.2 % acetic acid) to affordthe biphenyl salicylates as white solids in 12 - 42 % yields.
[0087] 4’ -Fluoro-4-hydroxybiphenyl-3-carboxylic acid (23). TH NMR (CD5OD, 400 MHz) 5 8.01 (d, 1H, J = 2.5 Hz),
785 (ad, 1H, J = 8.7, 25 Hz), 7.51 {m, 2H}, 711 (4, 2K, J = 10.0, 3.0 He), 6.97 {d, 1H, J = 8.7 Hz. B3¢ NMR {CD,00, 100
MHz) & 173.5, 10‘*0 162.7, 137.7, 1351, 132.6,128.6, 129.3, 118.8, 116.7, 1168, 114.2. HRESIMS calculated for
CygHgFO5 (M-H) 231.0459, found 231.0457. Normal phase -%Pk“ retention time: 14.2 min. Reverse phase HPLC
retention time: 12.8 min. >898 % pure.

{0088] 2’ -Fluore-4-hydroxybiphenyl-3-carboxylic acid {24). "H NMR(CD,0D, 400 MHZ) § 7.98 (dd, 1H, J=2.2,14
i-i'f),?ﬁ@(ddd,11—%,J:8.?,2.4,1>?Hz) 7’“"('tu tH, J=7.8 1.7 Hz), 7.26 (dddd, 1 H, I~QS 74,49 17 Hz), Eb(td 1 H,
=7.5,1.2Hz), 7.10(ddd, 1H, /=111, 8.2, 1.3 Hz), 6.95(d, 1H, J= 8.5 Hz). 5C NMR {CD,CD, 100 MHz) 3 17’” 162.9,
1674 137.2, 1318, 130.2, 130.1, 12891, 1281, 125.8, 1185, 1171, 114.0 HRES NES\ sicutated for Ty RO, (M-H)
231.0457 found 231.0446. Normal phcso HPLC retention time: 13.8 min. Reverse phase HPLC ratention time: 12.7 min.
>8% % pure.

{0088} 3.5 -Diffuoro-d-hydroxybiphenyl-3-carboxylic acid {25}, 'H NMR (CD,0D, 400 MHz) 6 8.07 (d, 1H, J=25
Hz), 7.73(dd, 1H, J=8.5,2.7 Hz), 715 (m, 2H), 7.01{d, 1H, J=8.9 Hz), 8. 86 (1, 1H, /= 8.0,2.5 Hz). T3C NMR {CD,00, 100
MHz) 5 173.3,166.3, 183.8, 145.1, 135.2, 131.0, 128.8, 118.2, 114.4, 110.4, 103.0. HRESIMS calculated for Cy3HgF, 04
(M-H}245.0383, found 245.0358. Normal phase HPLC retentiontime: 14.5min. Reverse phase HPLC retentiontime: 13.3
min. >898 % pure

[0100] 2.4 -Dichloro-d-hydroxybiphenyi-3-carboxylic add (26}, TH NMR (CD0D, 400 MH2) 87 .83 (d, 1H, /=22
Hz), 770 (d 1M, J=2.0Hz), 7.58{dd, 1H, /=88, 2.4 Hz), 7 48 (ABX 1M, Jpg = 84Hz Jax=2.2Hz, Jgx =0.0Hz, vy =
2989.4 HZ. vy = 2973.0 Hz), 7.44 (ABX, 1H, as above), 7.06 (d, 1H, J= 8.7 Hz). 13C NMR (CD,0D, 100 MHz) § 171.8,
1608 1375, 136 4 1328 1328, 1324, 1308, 1282, 128 5 127 7 117 2, 112.9 HRESIMS calculated for G HaCL 0,
{M-H}280.9772, found 280.9782. Normal phase HPLC retentiontime: 13.1 min. Reverse phase HPLC retentioniime: 14.4
min. >89 % pure.

[0104]  4-Hydrorybiphenyl-3-carboxylic add (27). THNMR{CD,00, 400 MHZ) 58.08(d, 1H, J = 2.4 Hz), 7.7 3 {dd, 1H,
J=8.7,2.3H2),7.54(m, 2H), 7. 4101, 2H, J=7.3,1.8Hz), 7200t 1H, J=7.8, 1. 7%—12;, 7.38{dadd, 1H,./=8.8,8.4Hz), 7.05
(d, 1H, J=8.7 Hz), 6.83 (m, 1H), 8.90 {ddd, 1H, J=7.3, 1.8 Hz), 7.00 (d, 1H, J = &5 Hz). 13C NMR (CD,CD, 100 MHz) &
161.5,140.1,134.0,132.4,128.7, 128.3, 1265, 126.3, 117.5, 112.8. HRESIMS caiciiated for C M, 404 (M-H) 213.0552,
found /’!o 0545 Normai phase HRLC retention time: 12, Qmm He\/ei:epha%e HPLC refentiontime: 12.6min. >89 % pure.
{0102} 4-Bromo-2,6-difluoroanisole. Methy! iodide (580 pl, 10.06 mmeal) and K;CO45 (2.80 g, 20.12 mmoi) were
added to a solution of 4-brome-2,8-difiuorophanct {1.05 g, 5.03 mmol) in DMF (10 mL) and stirred at it under Arfor 24 h.
Upon completion, ethyl acetate was added and the reaction was washed with 1 % HCIH{Z X 20 mL), brine (1x), dried over
Mo80, and concentrated in vacuo. The residus was purified by flash chromatography (hexane) to aiferd 4-brome-2,6-
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diftiuorcanisole (747 mg, 87 %) as a while scolid. See, for example, Chambers, R. D, et al. J. Fluorine Chem. 2000, 102,
188-174 1 NMR (CDCly, 400 MM2z) 5 7.06 (m, 2H), 3.97 {g, 3K, J=1.1 Hz). 13C NMR {CDCl,, 100 MMz) & 155.8, 1363,
116.2, 113.8, 61.8. LRBIMS found for C,H,F,0Br (M+} 223.0.

{0103} 4-Bromo-2,8-dichloroanisole. Methyliodide (467 ul, 8. 12 mmol} and K,C04(2.24 g, 16.24 mmol) were added
{0 a solution of 4-bromo-2 B-chicropheno! (882 mg, 4.08 mmah) in DME (10 mbL) and stirred at rt under Ar for 40 min. Upon
compiation, ethyl acetate was added andthe reaction was washedwith 1 % HCI{2 X 20 mL}, brine (1X), dried over MgSQC,
and concentrated in vacuo. The residue was purified by flash chromatography (hexane) to afford 4-bromo-2,8-dichlor-
naniscle (768 mg, 74 %) as a white solid. See, for example, Li, J. ot al. J. Med. Chem. 1306, 39, 1846-1856 TH NMR
{(DMSO-dg, 400 MHz} § 7.75 {s, 2H), 3.81 (s, 3H). 3C NMR (DMSOC-dg, 100 MHz) 6 151.3, 131.5, 128.6, 116.5, 60.8.
HREIMS caiculated for C;H,;BrClLO (M+) 253.8805, found 253.8801.

{01047 Compounds 28-31 were prepared according to Schema 5. To a sclution of the appropriate haio-anisole (1.0
equiv} dissolved in enough toluene to give a concentration of 0.25 M, was added a solution of phenyl boronic acid {2,
equiv) dissolvedin EtOH to give & 1.5 M solution of borenic acid. A2 M aqueous solution of Na,CO5 was added to give a
final reaction concentration of 0.08 M with respect to the halo-aniscle, followed by addition of Pd{PPh,}, (10.0 mol %). The
reaction was stirred at 85 *C for 17 h, and upon completion, was cooled to rtand exiracted with TH,LCl, (2x), washed with
brine (ix}, dried over MgS0, and concenirated in vacuo. The residue was purified by flash chromatograghy (201
hexane:ethyl acetate) to afford the methylated bipheny! as a white solid.

{0105]  To a solulion of the methylated biphenyl {1.0 equiv) in enough CH,CL, 1o give a concentration of §.20 M, was
added BBry (2.0 equiv, TM solution in TH,Cl). The reaction was stirred at rt under Ar for 3 h, and upen completion, was
guenched with H,0 (10 mL), extracted with CH,Cls (23}, washed with brine (1 X}, dried over Mg80,, and concentratedin
vacuo. The residue was.carried onto the next step without further purification.

{01061  To a solution of methyi ester (1.0 equiv) in THF MeOHH,O (1:1:1) at a concentration of 0.04 M, was added
LIOH M, (3.0 equiv). The reaction was stirred at rifor 5 h, and upon completion, was acidified with 30 % HCI, extracted
with ethyl acetate (3 X 5 ml), dried over MgSO, and concentrated in vacuo. The residue was purified by flash
chromatography (CHLCls, 1 % MeOH, 0.2 % acetic acid) to afford the biphenyl products as white sclids in 14 - 38 % yields.
{01071 3,5 -Difluore-4-hydroxybiphenyl-3-carboxylic acid (28). TH NMR (DMBC-dg, 400 MHz) 5 10.60 {brs, 1H),
844t 1M, J=1.7H2), 7.91(dt 1M, J=7.7, 1.1 Hz), 7.88 (ddd, 1H, J=8.0,2.0, 1.1Hz), 7.85 (, 1M, J=7.9Hz), 7.41 (m, 2H).
12C NMR (DMSO-dg, 100 MHz) 5 167.3 154.0, 151.5, 138.4, 133.8, 131.8, 130.8, 125.8, 129.4, 128.4, 127.1, 110.3.
HRESIMS calculated for C4HgF,05 (M-H) 248 0363, found 249.0358. Normal phase HPLC retention time: 18.3 min.
Heverse phasa HPLC retention time: 10.5 min. >88 % pure.

[0108] 3.5 -Diffuore-4’-hydroxybiphenyld-carboxylic acid {28). TH NMR (DMSO-dg, 400 MMz} 5 7.98 (AAXX, 2H,
Jaa Fdux m 1T HZ dyq 5 don = 8.2HZ Jop = a = 0.8 HZ, vy = v = 31888 Hz vy = vy = 3122 G Hz), 7.81 (AAXQC, 2H, a8
above), 7.51 {m, 2H). 1¥C NMR (DMSO-dg, 100 Miz) 8 167.7, 154.5, 142.5, 138.0, 130.5, 130.5, 130.4, 126.9, 111.0.
HRESIMS caloulated for CygHgF,05 (M-H) 249.0363, found 248.0375. Normal phase HPLC retention time: 18.9 min.
Reverse phase HPLC retention time: 10.2 min. >898 % pure.

{01067 3,5 -Dichloro-4’-hydroxybiphenyl-3-carboxylic acid {30). THNMR (DMSQO-d, 400 MHZ} 38,13 (L, 1H, J=1.8
Hz), 7.91 (m, 2H}, 7.70 (s, 2H), 758 (t, 1H, J= 7.8 Hz), 13C NMR {DMSO-dg, 100MHz) 8 167.2, 149.0,137.9, 132 2, 131.8,
130.8, 1283, 128.4, 1271, 126.8, 122.9, 123.0. HRESIMS caiculated for C3HClL 04 (M-H) 280.9772, found 280.9767.
Normal phase HPLC refention time: 16.2 min. Reverse phase HPLC retention time: 11.6 min. >898 % pure.

{0110] 3.5 -Dichlore-4-hydroxybiphenyld-carboxylic acid (31} 'H NMR (DMSO-dg, 400 MHz) 5 7.98 (AAXX, 2H,

daa T =L THE Uya = o g =81 HZ dyop = ya = 0.5 HZ, vy = v = 3188.8 Hz, vk = vy = 3110.0 Hz), 7.81 {AAXK, 2H, as
above), 7.78 (s, 2H). 1BC NMR (DMS0-ds, 100 MHz) § 167.2, 141.8, 1417, 1347, 128.9, 129.7, 126.8, 126.4, 123.0,
HRESIMS calculated for O aHgTLO04 (M-H) 280 8772, found 280.9785. Normal phase HPLC retention time: 15.8 min.
Heverse phasa HPLC retention time: 11.4 min. »87 % pure.

[0111]  Methyl-2,4'-diflucro-4-hydroxybiphenyi-3-carbosyiate {32). Compounds 32 and 33 were prepared accord-
ing to Scheme 8. TMS-diazomethane (5.87 mL, 11.75 mmol, 2 M solution in hexane) was added to a solution of diflunisal
{1.03 g, 4 1 mmol) in MeOH (10 mL) andstirred at rt for 5 h. Upon compiletion, the reaction was concentratedin vacue and
the residue was puriiied by flash chromatography (10: 1 hexane:ethyl acetate) to afferd 32 (774 my, 71 %} as a white soiid.
TH NMR {CDCl,, 400 MHz) §7.97 {dd, 1H, J=2.2, 1.3 Hz), 7.50 (dt, 1H, /=88, 2.1 Hz), 7.36 {dg, 1H, J=7.7, 1.5 Hz), 7.48
{td, 1H,J=7.8, 1.7 Hz), 7.38 (cddd, 1H, J=8.8 6 4Hz), 7.05(d, 1H, J=8.7 Hz}, 6.93(m, 1H}, 6.60 (ddd, 1H, J=108,89,25
iz}, 3.96 (s, 3H). 1SC NMR (CDCly, 100MHz) 8 170.6, 163.8,161.3,158.5,136.4, 1312, 130.3, 126.2,124.2, 118.0, 112.8,
111.8, 104.5, 52.6, 124.2. HRFABMS calculated for Cy HqF 205 (M+) 264.0508, found 264.0598. Nemmal phase HPLC
retention time: 6.9 min. Reverse phase HPLC retention time: 14.7 min. >898 % pure.

{0112] 2. 4’-Difluorc-4-methoxybiphenyl-3-carboxylic acid (33). Methyliodide (350 k., 1. 18 mmol) and K, 04 (320
mg, 2.32 mmol) were added o a solution of 32 {152 mg, G.58 mmol} in DMF (4 mb} and stirred atrt under Arfor 14 h. Upon
compietion, ethyl acetate was added and the reaction was washedwith 1 % HCI{2 X 20 mL}, brine {(1X), dried over MgSQ,
and concantratad in vacuce and carried onto the naxt step without further purification

{01131 LiOH-H,0 (80 mg, 1.43 mmol} was added 1o a solution of fully methylated diffunisal (140 mg, 0.5C mmol) in
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MeOH THFH, O (4.5 mL 1:1:1), and stirred at 1t for 4 h. Upon completion, the reaction was acidified with 30 % HCJ,
axtracted with ethyi acetate (3 X 5 ml)}, dried over Mg30, and concentrated in vacue. The residue was purified by flash
chromatagraphy (21 ethyl acetate:hexane, 1 % acetic acid) to afford 33 (122 mg, 93 %) as a white solid. THNMR (CDCl,,
400 MBEZY 810,77 (brs, TH), 831 (dd, 1H, /=25 0.9Hz}, 7.75(dt, 1H J=8.6 2 1Hz), 7. 41 {di, 1H, J=8.858Hz),7.15(d,
1H, /= 8.8 Hz), 6.94 (m, 1H), 4.13 (s, 3H). BCNMR (CDCl,, 100MH2) 6 177.7, 181.4, 188.2, 135.7, 133.9,131.4, 129.0,
1235, 1181, 112.2, 112.6, 104 6, 55.9. HRESIMS calculated for Cy ;M gF, O (M-H) 263.0520, found 263.0514. Normal
phase HPLC retention time: 21.6 min. Reverse phase HPLC retention time: 11.9 min. >88 % pure.

[0114] Compounds 34-38 were prepared according o Scheme 7. Compounds 38-44 were prepared according to
Scheme 8. To a solution of aryl iodide (1.0 equiv} in enough toluene to give a concentration of 0.07 M, was added an
appropriate formyi phenylboronic acid dissolved in encugh E10OH to provide a concentration of 0.4 M borenic acid. A2 M
aguenus solution of Na,CO, was added to give a final reaction concentration of 0.04 M with respect to anit icdide, followed
by addilion of PA{PPh4), (3.0 mol %). The reaclion was heatedto refix under Arfor 18 h, and upon compietion, was cooled
to rt and extracted with CH,Cl, (2}, washed with brine (1), dried over MgS0,, and concentrated in vacuc. The residue
was purified by flash chromatography (40:1 hexane:ethyi acetate} to afford the biphenvi aldehydes as white solids in 40 -
21 % vields.

{01158] 3,8'-Dichiore-3-formylbiphenyt {(38). TH NMR (CDUT;, 400 MHZz) 5 10.08 (5, 1H), 8.04 (t, 1H, J= 1.8 Hz), 7.¢1
(dt, 1H,J=7.8,1.3Hz), 7.80(ddd, 1H, J=7.8 2.0, 1.3Hz), 7.64 (1, 1H,J=7.8 H=z),7.49(d, ZH, /=1.8Hz), 7.38 {1, 1H, =19
Hz) TBCNMR(CDCL, 100 MHz) 8 182.0, 142.8, 138.7, 137.2, 135.8,133.0, 130.1, 130.0, 128.1, 1258.0, 125.8 HRFABMS
caiculated for CiaHgTL O (M+H} 251.0027 found 251.0027. Normal phase HPLC refention time: 8,0 min. Keverse phase
HPLC retention time: 15.2 min. >89 % pure.

[0118] ¥,5-Dichloro-4-formyibiphenyi{40}. THNMR (CDCl,, 400 MHz) 8 7.99 (AADOC, 2H, Jap = Jior =241 HE, dypn =
I T8 EHZ Jypn T dypy =07 HZ g = v = 31937 H, vy = vy = 3077.8 Ha), 7. 70 (ANXXK', 2H, as above), 7.47 (1 1H, J=1.8

!

Mz}, 7.39{(d, 2M, J= 1.9 Hz). ISCNMR (CDCl,, 100 MHz) 5 191.8, 144.4, 142.8, 138.2, 135.8, 130.8, 128.5, 127.8, 126.1.
HREIMS calculated for C3HgCLO (M-H) 248 8873, found 248.9874. Normal phase HPLC retention time: 7.8 min.
Reverse phase HPLC retention time: 152 min. »88 % pure.

{0117] 3,5 -Dichioro-2formyibiphenyl (413 THNMR (CDCiy, 400 MiHz} 6 9.98 (s, 1H), 8.03 {dd, 1H, y=7.8, 1.3 1),
7.800d 1H, J=7.8,1.5Hz), 7.55 (8, 1H,J=7.8, 1.0 Hz), 744 (£, 1H, J=1.9H2), 7.38{dd, 1H, J=7.7, 1.0Hz), 7.27 (d, 2H, U=
1.8 Hz). 15C NMR (CDCly, 100 MHz) § 191.4, 142.9, 141.0, 135.3, 134.0, 133.7, 130.7, 128.0, 128.5, 128.4, 128.4.
HRFABMS calculated for CaHiCLO (M+H) 281.0030, found 251.0026. Normal phase HPLC retention time: 7.0 min.
Heverse phasa HPLC retention time: 14.9 min. >88 % pure.

[0118] Compounds 45-47 were prepared according to Scheme 8. To a solution of bipheny! aldehyde {1.0 equiv) in
encugh acetone to give a concentration of 0.07 M, was added KMnQO, (2.0 equiv) in enough H,C to give a concentration of
0.2 M permanganate. The reaction was stirred for 18 h at rt, and upon complation, was concentrated in vacuo and the
resufling residue was redissclvedin 10:1 CH,Cl, MeOH and filtered through a plug of glass wool. The crude product was
purified by flash chromatography (10:1 CH,Cl,:MeOH) to afford the carboxylic acids (58 mg, 100 %) as white solids in 82 -
100 % visids.

[0119] 2,4-Dichiorobiphenyl-3-carboxylic acid (45). "HNMR {DMSO-dg, 400 MHZz) 8 822 (brs, 1H), 8.00 (lbr s, 1H),
7.94 (d, 1H, J=7.5Hz), 7.78 (s, 2H), 7.63 (s, 1H), 7.60 (br s, 1H). 13C NMR (DMSO-dg, 100 Miz) § 168.0, 143.7, 138.1,
135 4,131.6,128.8, 127.8, 126.2. HRESIMS calculated for C5H;C0, (M-H) 284.9823, found 264.9810. Normal phase
HPLC retention ime: 12.3 min. Reverse phase HPLC retention fime: 14.2 min. >89 % pure.

[{0120] 2,4 -Dichlorobiphenyl-4-carboxylic acid (48}, THNMR{CD,00, 400 MH2)88.11 (brs, 2HY7.72(m, 2H),7.64
{d, 2H, J=1.8Hz), 7.48(t, 1H, 4= 1.7 Hz). PC NMR (DMSO-d;, 100 MHZ) 5 170.3,140.6,135.2, 127.2, 126 4, 118.3, 118.8,
117 4 HRESIMS calcutated for ©4aHg0, 04 (M-H) 264 9830, found 264 8823, Normai phase HPLC refentiontime: 12.5
min. Reversa phase HPLC retention time: 14.4 min. >88 % pura.

[0121] 2 .4-Dichlorobiphenyl-2-carboxylic acid {47} TH NMR (DMSO-dg, 400 MHz) 6 7.75 {br 5, 1H), 7.56 (s, 2H),
7.48(m, 2H), 7.36 (m, 2H). 13C NMR (DMSO-dg, 100 MHz)3170.1, 152.5, 145 2, 133.2,130.0, 129.6, 128.0, 127.2, 126.3.

HRESIMS calculated for C5HLCLO, (M-H) 284.9823, found 264 8834, Normal phase HPLC retention time: 11.4 min.
Reverse phase HPLC retention time: 13.6 min. >898 % pure.

{0122] Compounds 48-83 were prepared according to Scheme 8. To a solution of biphenyl aldehyde {1.0 sguiv) in
encugh MeOH {o give a concentration of 0.1 M, was added NaBH, (2.0 equiv} in enough MeOH fo give a concentration of
0.3 Mborohydiide. Thereactionwas stirred at0°C| and slowly warmed o i, and after stirring for 18 h, was concentratedin
vacuo and purified by flash chromatography (3.1 hexane ethyl acetate) to afford the bipheny! alcchols as a white solids in
a4 - 100 % vieids.

{0123} 3,5 -Dichlorobipheny-3-yl-methano] (48], TH NMR (CDCI,, 400 MHz) 87.54 (m, 1H), 7.46 (¢, 2H, 4= 1.8 Hz),
7.45 (m, 21, 7 3% {m, 1H), 7.34(t, 1H, J= 1.9 Hz), 4.77 (s, 2H}, 1.80{brs, 1H), 130 NMR (CDTH,, 100 MHz) 6 144.1, 141.9,
138.0, 1355, 1205, 127 4,127 1, 126.5, 1258, 125.7, §5.3. HREIMS calculated for C (3H,4CL,C {M+) 282 0103, found
252.0108. Normal phase HPLT retention time: 13.8 min. Reverse phase HPLC refention time: 14.0 min. >89 % pure
[0124] 3.5 -Dichiorobiphenyl-d-yi-methano! {48}, THNMR (CDCI;, 400 MMz} 87 53 (AN KK, 2H, Jaar == 1.9 12, Jyy
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=31 HZ, Uy g = 8.7 HE, Jop 6.4 H2Z, Jyop = dxa = 0.5 HZ, va = vy = 30088 Mz, vy = vy = 2877 .8 H2), 7.45 (AAD0C, 2H, as
above), 7.45(d, 2H, J=1.9Hz}, 7.33(, 1H,U=1.8Hz)}, 4.75 {brd, 2H, J=4.8 Hz), 1.81 ’br M, J= 5.2 Hz), BC NMR{CDCL,
100 MHz) § 144.0, 141.4, 138 0, 1355, 127.8, 127.4, 127.4, 1258, 65.1. HREIMS calculated for C3H,ClLO (M+)
251 0110, found 252 G108, Normal phasa HPLC retention time: 15.4 min. Reverse phase HPLC retentiontme. 14.G min.
>Q7 % pure.

{0125] 3,5 -Dichlorobiphenyl-2-yi-methanol (80}, TH NMR (CDCl,y, 400 MHz) 5 7.55(dd, 1H, J=7.5, 1.3 Hz), 7.43 (4,
2H,J=7.5,14Hz),7.38(m, 2H), 7.28(d, 2H, J= 1. 9*—L¢) 7.244dd, 1H, J=7.4,1.4Hz), 4 88 {g, 2H), 1.78{s, 1H). BC NMR
(CDCl;, 100 MHz) 6 1437, 138.8, 137.9, 134.9, 130.0, 128.0, 128.9, 1282, 127.9,127.8, 53.0. BRElMa calculated for
Cyghy O (M+) 252.0110, found 252.0100. Ncrma. phase HPLC retention time. 11.5 min. Reverse phase HPLC
retention time: 14.0 min. >898 % pure.

{01281 Compeunds 54 and 88were prepared according to Schems 8. Te asalution ofthe appropriate indobenzaidehyde
{1.0 equiv) in enough toluene to give a concentration of 0.07 M, was added 3 5-diffluorophenyl boronic acid (2.0 equiv)
dissolvedin enough EtOH to provide a concentration of 1.0 M boronic acid. A2 M aguecus solution of Na,CO, was added
1o give afinal reaction concentration of 0.04 M with respect fo lodobenzaldehyde, followed by addition of Pd {PPhg}, (4.0
mot %). The reactionwas stirred at 80 °Cfor 17 h, and upon c‘omple‘ic" was cooled to it and extracted with CH,Cl, (2,
washedwith biine (1X), diied over MgS0, and concentrated in vacuo. The residue was purifiad by flash chromatography
{10:1 hexane.ethyi acelate) to afford the biphenyl aldehydes as white sdsds in78 - 80 % vieids.

{01277 3.5 -Diffuore-3-formylbiphenyl (54). "H NMR (TDCH,, 400 MHZ) § 10.05 (s, 1H), 8.02 (t, 1H, J= 1.4 Hz), 7.88
(dt, TH, J=7.8, 1 4 Hz), 7.78 (ddd, 2+, J=7.8, 2.0, 1.2 Hz), 7.81(4 21, J=7.7), 710 {m, 2H), 8,80 (t, 1H, /=88 23 Hz 13C
NMR (CDCl;, 100 MHz) 5 1920, 164.8 162.3, 143.0, 138.8, 1371, 132.0, 120.6, 127.9, 110.4, 103.5. HRFABMS
caiculated for Cy4H.F,0 (M+H) 210.0820, found 218.0621. Normal phase HPLC retention ime: 8.9 min. Reverse phase
HPLC retention time: 13.7 min. »98 % pure.

[0128] 3,5 -Diffucro-4-formylbipheny! (88}, THNMR (CDCl,, 400 MMz} 8 8.98 (s, 1H), 8.02 (dd, 1M, J=7.8, 1.5 Hz},
7.85(d, 1H, J=7.3,1.4Hz2), 7.54 (1, 1H, J=7.8Hx), 7.40 (dd, 1H, J=7 .8, 1.2 Hz), & UO( ,SH\ 13C NMR (CDCl,, 100 MHz) 8
1915, 164 1, 161.8, 143.4, 141.3, 134.0, 133.7, 130.6, 128.0, 128.3, 113.3, 1038 HRFABMS calculated for C5HaF .0
{M+H)218.0620, found 218.0621. Normal phase HPLT retentioniime: 7.0 min. Reverse phase HPLC retentioniime: 13.4
min. >89 % pure.

{04291 A number of in vitro tests can be used to evaluate the compounds for their abilily 1o stabilize transthyretin
felramers or pravent formation of fibrils. The tests can include a fibril formation assay, a plasma selectivity assay,
determination of the threa-dimensicnal structure of a transthyretin.compound complax {2.9. by X-ray crystaliography),
kinatics of transthyretin tetramer dissociation or fibril formations, and determining the stoichiometry and energetics of
transthyretin.compound interactions, by, for example, centrifugation or calorimetry. Details of exemplary in vitro assays
are presented below,

{0130} ach compeound was subjected to a stagnant fibril formation assay. Compounds were dried over PO overnight
and dissolved in DMSC to a final concentration of 7.2 mM 1o provide a primary stock solution {10 siock). A secondary
stock solution was preparad by five-fold ditution of the primary stock salution with DMSOto afinal concentration of 1.44 m
{2X stock). The acid-mediated amyloidogenicity of TTR (3.8 pM) inthe pr‘eso""e of inhibitors (1. 44 mM)was measuredas
foliows: To a disposable UV cuvette were added 485 pbL of a 0.4 mg/mLWT TTR protein solution in 10 mM sodium
phosphate, 100 mMKCiand 1 mMEDTA (pH7.6) and 5 pl. ofthe 1.44 mM %c‘ondary stock inhibitorsalution in DMSO{2X
stock). The mixture was vortexed and incubatad for 30 min (25 °C}, atwhich time the pH was lowered {o 4.4 with 500 pl of
200 mM acetate, 100 mM KCland 1 mMEDTA (pH 4.2). The final 1 mL solution was vortexed and incubatedfor 72 hat 37
°C without agitation. After 72 h, the cuvettes were vortexed to suspend any fibrils present, and the turbidity of the
suspension was measured at 350 and 400 nm using & UV-vis spectrometer. The parcent fibril formation was cbtained by
the ratio of the cbserved turkidities for each TTR plus inhibitor sample relative {o that of a sample prepared the same way,
hut lacking inhibitor, multiplied by 100. The fibril formation assay employing equimdoiar inhibitor and TTR concentrations
(3.6 pM) was performed as above using a 1x secondary stock schition. The 1X stock solution was prepared by ten-fold
dilution of the 7.2 mM 102 primary stock solution with DMSC to a final concentration of .72 mM and used in the fibril
formation assay as describad above. All assays were performedin triplicate and all compounds were assayed using wild-
type TTR. All compounds were found to be soluble throughoutthe course ofthe experiment by testing the turbidities of the
saiutions in the absance of WT TTR, ensuring that turbicity was the resuli of TTR amvioid formation.

{0131} The binding stoichiometries of polential inhibitors to TTR in blood plasma were evaluated by an antivody
capture/HPLC method. A 1.5-mL eppendorf tube was filled with 1.0 mbL of human blood plasma and 7.5 pl of 3 1.44 mM
DMSC solution of the inhibitor under evaiuation. The solution was incubated and gently rocked at 37 °Cfor24 h A 1.1
gel: TSA (Trissaline) sturry (125 nl) of quenched sepharcse was addedio the sclutionand gently rocked at 4 °Cior 1 h. The
golution was centrifuged (18,000 X g) andthe supermnatant was dividad into two 400 L aliquots, which wera then addedio
different 200 plsamples of a 1:1 gel TSA sluiry ofthe anti-TTR antibody-conjugated sepharose. Thesolutions were gently
rocked at 4 °C for 20 min, centrifuged (16,000 X g}, andthe supernatantwas removad. Tha gel was washad with 1 ml of
TSA.05 % saponin (32, 10 min each) at 4 °C, followad by 1 mbL of TSA (2X, 10 min each) at 4 °C. The samples were
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sentrifuged (16,000 X g), the final wash was removed, and 155 pl of 100 mM triethylaming, pH 11.5, was added to elute
the TTR and bound inhibitors from the antibodies. After gentie rocking at 4 °C for 30 min, the elulion sample was
centrifuged {16,000 X g) and 145 L ofthe supernatant, containing TTR andinhibitor, were removed. The supernatantwas
then analyzed by reverse-phase HPLC as described previcusly. See, for example, Purkey, H. B.; Dorrall, ML Keally, J W
Proc. Natl. Acad. Sai. U 3. A 2001, 98, 5586-71.

{0132} Crystals of WT TTR were obtainedfrom proteinsolutions at 7 mg/mL (in 100 mMKCH 1 mM EDTA, 10 mMsodium
phosphate, pH 7.0, 0.35-0.50 M ammonium sulfate) equilibrated against 2 M ammoeonium sulfate in hanging drops. The
TTR ligand complexes were prepared from crystals soakead for meore than thrae weeks with 2 10-fold molar excess of the
ligand. ACCD-PXL-L800 detector {Brukerinstruments) coupledto an RUZ00 rotating anocde X-ray generator was used for
data coliection of crystals scaked with 20 or 26. The Quantum-4 detector atthe monochromatic high-energy source of 14~
BM-C, BICCARS, Advanca Pholon Source was used for the data collection of crystals soaked with 7 or 18, The crystals
wera placadin paratone oil as a oryc-protectant and cooledfor diffraction experiments (120 Kfor 28 and 28, and 100 Kfor 1
and 18), Crystals of TTR-ligand complex structures are isomorphous with the apo crystal form with unit cell dimensions
closetoa=43A b=85A andc=58 A; space group 2,2, 2 withtwo monomers in the asymmetric unit. Data sets of ¥ and
18 were reduced with DENZC and SCALEPACK. See Otwinowski, Z.; Minor, W. Macromoiecular Crystaliography, Part A,
in Methods in Enzymology, Carver, C. W, Sweet, R M., Eds.; AcademicPress: 1887 Vol. 276, p 307-328. Datasets of 20
and 26 were reduced with SAINT and PROSCALE (Bruker AXS, Inc.).

{01331 The protein atomic coordinates for TTR from the Prolein Data Bank {accession number 18MZ) were used as a
starting model during the molecular replacement search by EPMR. The best solutions from BPMR were refined by
molecular dynamics and energy minimization protocols of CNS. The resulting difference Fourier maps revealed binding of
the ligands {in two conformations for 18, 20 and 26, and four conformations for 1) in each binding pocket of the TTR
fetramer. Using these maps, the ligand could be unambigucusly placed into the density and was included in the
crystallographic refinement. After several cycles of simulatad annealing and subseguant positional and temperature
factor refinement, water molecules were placedinte difference Fourier maps. The final cycle of map-fitting was done using
the unbiasad weighted eleciron density map calculated by the shakefwarp bias removal protecol. All binding conferme-
fions of the ligand were in good agreemeant with unbiasad annealed omit maps as well as the shakefwarp unbissed
weighted maps phased in the absence of the inhibitor. Final cycles of the refinement were carred out by the restrained
refinement protocol of Refmac. Because of the lack of interpretable slectron densities in the final map, the nine N-terminal
andthrae C-terminai resicues were notincludedin the final model. Asummary ofthe crystallegraphic analysisis presented
in Table 2. Sae, for example, Kissinger, C. R.; Gehlhaar D. K, Fogel, D. B. Acta Crystallogr., Sect. D 1989, 55, 484-491;
Brunger, A T.; etal. Acta Crystaifogr., Sect. D 1888, 54, 005-821,; Kantardjief, K, etal Acta Crystallogr., Sect. D 2002, 88,
735-743; Bailey, S. Acta Crystallegr., Sect. D 1884, 50, 760-763, and Murshudoy, G. N.; Vagin, A A Dodson, £, 4 Acta
Crystaliogr., Sect. D 1897, 53, 240-255,

{0134] The kinetics of TTR tetramer dissociation was evaluated by linked monomer unfolding in urea. Slow teframer
dissociation is not detectable by far-UV CD spectroscopy, but is linked to the rapid (500,000-fold faster) unfolding step
2asily detectabie by far-UV CD as described praviously. TTR tetramer (3.6 pM) dissociation kinetics as a function of
inhibitor (3.6 nM)were evaluated by adding 3.6 sl of & 1 mM sclution {in ethanol) of the inhikitor of interesitc 89 L of WT
TTR (2.80 mg/mi, 10 mM sodium phosphate, 160 mM KCI, 1 mM EDTA, pH 7.0} to which was added 127.4 pl of
phosphate buffer. For an inhibitor concentration (7.2 uM) twice that of the TTR concentralion (3.8 pM), 7.2 pl. of 2 1 mM
golution {in ethanaol) of the inhibitoer ¢finterest was addedic 89 pL of WT TTR{Z.80 mg/mL, 10 mM sodium ghosphate, 100
mM KCI, 1 mMEDTA, pH 7.0) to which was added 123.8 pl of phosphate buffer. 100 pl of the protein-inhibitor solution of
interestwas addedtoasciution of 800 L of 10.3 M ureaand 300 pL of phosphate buffer, to yield afinal urea concentration
of 8.5 M. Thasolutionswarevortexaed andthe circular dichroism specirawere collected at the following intervals: 6,5, 8, 23,
48, 71, 95, 118, 144 and 188 h. A control sample containing 7.2 sl of ethandl rather than inhikitor was prepared for
comparison andthe specirawere collected atthe time points identified above. CD spectrawere collected between 220 and
213 nm, with scanning every (.5 nm and an avaraging time of 10 sec. Each wavelength was scannad once. The values for
the amplitude were averaged between 220 and 213 nm to detarmine the extent of B-sheetiogs throughout the expatiment.
{0138} The rate of acid-mediated fibril formation was followed at pH 4.4 by turbidity. Compounds were dried over P,QOy
overnight and dissolved in DMSC to a final concentration of 7.2 mM 1o provide a primary stock solution (10X stock). A
secondary stock solution was prepared by five-foild DMSG ditution of the primary stock solution to yield a final
sencentration of 1.44 mM (2x stock). The fibril formation assay employing an inhibitor concentration of 7.2 pbM relative
10 3.6 pM TTR (tetramer} was performed as follows: To a disposable UV cuvette were added 485 ul of a 0.4 mg/mbL WA
TTR protein solution in 10 mM sodium phosphate, 100 mM KT and 1 mM EDTA (pH 7.6} and & pl of the 1.44 mM
sacondary inhibitor stock solution (2x stock). The mixture was vortaxed and incukated for 30 min {25 °C). After 30 min, the
pH was lowered to 4.4 with 500 pb of 200 mM acetate, 100 mM KCI, 1 mM EDTA {pH 4.2). The final 1 mL soclution was
vortexed and incubated at 37 °C without agitation. The solutions were vortexed and turbidity at 350 and 400 nm was
measured. UV spectra were coliected at the following intervals: G, 4, 8, 24, 48, 72, 98, 120, 144, 188 and 192 h after
acidification. A control sample containing 5 gl of DMSO was prepared for comparison, and the spectra were collected at

22



10

15

34

&5

DK/EP 1587821 T6

the time points above. Each inhibitor sclution was preparedin groups of 1010 pravent disturbancea of the cuvetlas before a
reading was taken. After a UV absorbance was oblained, the cuvettes corresponding to that time-point were discarded.
The fibril formation assay employing equimolar (3.6 pM) TTR and inhibitor concentration was performed as above using a
1 X sacondary inhibitor stock solution prepared as follows: A stock solutionwas preparad by ten-fold dilution ofthe 7.2 mM
107 piimary stock solution with DMSO 1o a final concantration of 0.72 mM and used in the fikii formation assay as
described above. All compounds were found to be soluble throughout the course of the experiment, ensuring that turbidity
was the result of TTR amyloid formation.

{3136} The TTR quaternary structure in the presance of inhikitors at pH 4.4 was analyzed. The mechanism by which 18
and 20 stabilize TTR was evaluated by incubating the protein (3.6 pM) for 72 h under the conditions of the stagnant fibril
formation assay inthe presence of either 3.8 uWMor 7.2 uM inhibitor. After 72 h, the samples were centrifuged (14,000 X g}
andthe suparmatant was removead from any solid that was formed in the assay. Equilibrium and velecity ultracentrifugation
analysis was achieved with a Beckman XL+ analylical ultracentrifuge. The acguisition and analysis of data was performed
as describad previously. See, for example, Lashuel, H. A Lai, Z; Kelly, J. W Biochemistry 1988, 37, 17851-684; and
Lashuel, H. A.; et al. Biochemistry 1999, 38, 135€0-73.

{31371  The disscciation constants characterizing the binding of 18 and 20 o WT TTR were determined by iscthermal
iitration calorimetry using a Microcal instrument {(Micrecal Inc., Northhampton, MD). A solution of inhibitor (300 pM or 500
aMin 25 mMtris buffer, 100 mM KCI, 1mMEDTA, 127% EtOH, pH 8.0)was prepared andtitratedinto an | TC cell containing
WTTTR {15 pMor 25 M in 25 mMiris buffer, 100 mMKCI, 1 mM EDTA 12 % E1OH, pH 8 0). Theinitial injection of 2.5 nb
was followed by 50 injections of 5.0 pl each (25 °C). Integration of the thermogram after subtraction of blanks vielded a
binding isotherm that fit best to a model of two sequential binding sites with negative cooperativity. The data were fitby a
nonlinear least squares approach with four adjustable parameters, namely, Ky, AH,, K, AH, using the ITC data analysis
module in ORIGIN varsion 2.9 provided by Microcal.

{0138} The compounds described were avaluated as TTR amyioid fibii inhibitors using a turbidity assay. WT TTR
amyloidosis was initiated by acidification of TTR preincubated with inhibitor (25 °C, 30 min}, employing buffer addition o
jumpthe pHio a final value of 4 4. Afterincubation of each mixture for 72 h (37 °C}, the turbidity was measured at 350 and
400 nm using a UV-vis spectrometer. All amyioid fibril formation date was normalized to WT TTR amyloidogenesis in the
absence of inhibitor, assigned to be 100 % fibnil formation. Therefore, 5% fibril formation corresponds to a compound
inhibiting 95 % of WT TTR fibril formation after 72 h. Each potentialinhibitor was firstevaluated ata conceniration of 7.2 uM
relativeto a TTR tetramer concentration of 3.8 ph. Corapounds allowingless than 15 % fibrit formaticn ware reevaluatedat
aconcentration equal tothe TTR concentration (3.6 p M) te salectfor the inhibitors with the highestefficacy. Fibril formation
ofless than 40 % under these conditions is characteristic of avery goodinhibitor, whereas 40 - 70 % inhibition is indicative
of @ modest compeound. Fibril formation data is presented in Tabie 1.

Table 1: Effects of Compounds on Fibril Formation

Compound Structure % fibril formation (3.6 % fibril formation (7.2 Plasma Selectivity
Number wh inhibiton) M inhibitor) {equiv bound}

diflunisal (1) 37.0 3.4 0.43 = 0.02
2 31.5
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{continued)
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Compound Structure % fibril formation (3.6 % fibril formation {7.2 Plasma Selectivity
Numbey M inhibitor) b inhibitor {equiv bound)
3 324
4 45.3
5 531
8 19.5
7 196
B 43.9 10.2 0.18 = 0.05
8 16.4
10 €12
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{continued)

Compound Structure % fibril formation (3.6 % fibril formation {7.2 Plasma Selectivity

Numbey M inhibitor) b inhibitor {equiv bound)
11 304 8.1 none observed
12 328 2.8 0.20 = 0.05
13 15.7
14 13.3
15 3.4 9.8 none observed
18 324 48 0.08 = 0.00
17 357 58 0.23 = 0.00
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Compound Structure % fibril formation (3.6 % fibril formation {7.2 Plasma Selectivity
Numbey M inhibitor) b inhibitor {equiv bound)
18 387 37 127 = 012
19 351 6.7 0.29 = 012
20 285 4.5 0.50 = 0.05

21 3038

22 515 14.3 0.08 = 0.01
23 38.7 28 0.08 = 0.00
24 387 2.5 0.07 = 0.02
25 355 1.0 none observed
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{continued)

Compound Structure % fibril formation (3.6 % fibril formation {7.2 Plasma Selectivity
Numbey M inhibitor) b inhibitor {equiv bound)
28 29.9 38 027 £ 002
7 47.4 5.4 none cbserved
28 385 35 none observed
29 M7 3.4 0.07 = 0.02
30 255 4.4 0.12 = 0.02
31 258 3.8 0.26 = 0.04
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{continued)

Compound Structure % fibril formation (3.6 % fibril formation {7.2 Plasma Selectivity
Numbey M inhibitor) b inhibitor {equiv bound)
33 385
34 100.0
38 100.0
38 984
37 100.6
38 5272
38 3086 4.4 1.30 = 0.15
40 25.4
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Compound Structure % fibril formation (3.6 % fibril formation {7.2 Plasma Selectivity
Numbey M inhibitor) b inhibitor {equiv bound)
41 345 7.1 186 = 011

42 354
43 8935
44 72.5
48 27 3.0 0.80 = 0.08
48 412 4.9 1.56 = 0.01
47 45.4
48 30.0 3.3 0.88 = 0.09
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{continued)

Compound Structure % fibril formation (3.6 % fibril formation {7.2 Plasma Selectivity
Numbey M inhibitor) b inhibitor {equiv bound)
48 L NN 38.9 58 0.54 = 010
&0 33.€ 7.7 none observed

51 855
52 100.0
53 81.0
54 Fo o oF 84.3

E e

e E

Dy oo, o H

a

58 B8ae

compound 1. Inhikitors having @ halogen in the orthe or meta position of the hydrephaobic ring are superior o com-
pounds lacking halogens or those having a single para halogen. This suggests that para halogens do not compliment
the HBPs in the same manner as meta and ortho halogenated biarvis. Compiete removal of all halogens can resuit in
a peor inhibitor, presumably due o the lack of steric complimentarity to fill the halogen binding pockets (for exampie,
compounds 10, 21-22, 27, 42-44, and 51-83}. Under the condilions tested, the best phenclic compound {8} Is inferior
1o 4, which bears both a phenolic and carboxylate functionality on the hydrophilic ring. Biaryl compounds stabilized
with a single carboxyiate {such as 11-22} can be excellent amyloid fibril inhibitors, for example, compounds 11,12,
15-20. These rival diffunisal for inhibilion, the exception beaing those containing only a para halogen {e.g., compaunds
13 and 14). A meta or para substituted aryl carboxylate can be sufficient for endowing excellent inhibition properties,
suggesting that the hyvdroxyl substituent in 1 is not required for good inhibiter activity. In addition, para carboxylate po-
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sitioning appears 1o afford superior inhibitors, suggesting that a para carbhoxylate is hetler able 1o take advantage of
electrostatic interactions with the e-ammeonium groups of Lys 15 and 15 {forward binding mode), as in the case of 20,
of hydrogen bonding interactions with the Ser 117 and 117 hydroxy! groups {reverse binding mode} as in the case of
18. Biaryls wherain the hydrophobic ring is substituted with halogens in positions othar than tha para position and the
hydrophilic ring with meta and particularly para carboxyiates vieid highly efficacious TTR amyloid fikit! formation inhibi-
{ors.

{04391 Addition of a hydroxyi substituent to the ring containing a carboxylate substituent (the salicylic acid substitution,
for exampie, 23-27) can also resull in inhibitors with high activity similar to diflunisal. In biaryls with the salicylic acid core,
the exact positioning of the halogens does not appear to be as vital as in the previous cases, suggesting that this ring
contributes disproporionately 1o the binding energy. The para hydroxyl may participate in hydrogen bonding with the -
aramonium groups of Lys 15 and 15 (forward binding mode} orwith the Ser 117 and 117 hydroxyls (reverse binding mode).
Substitution of flucrine in 1 with chiorine (28} can result in an inhibiter with equal or superior activity, whereas compiete
removal of the halogens {27} can result in a modest inhibitor. It should be noted that 27 is only slightly superioric a para
carboxylate 22 invitro, and both are superiorto the halogen-free inhibitors with the carboxylate inthe meta position, 21, and
the hvdroxyl-containing anateg 10,

{01401  [nclusion of a 3 5-dihalo-d'-hydroxyl substituent on the halegen-containing ring, with carboxylates in either the
para or meta positions {28-31} can result in high inhibifory activity, similar to diflunisal. The 4-hydroxyl substitution was
inciuded 1o more closely mimic thyroxing, the natural ligand of TTR. These inhibilors may also more closely mimic the
hormaone activity of thyroxine and therefore may act as thyroid agonists or antagonists, an effect that can ke undesirable.
{0141} Protection ofthe carboxylale as a methyi ester or the hydroxy! as a methyl ether {32 and 33} can resuitin inferior
inhibitors compared to 4. A combination of the loss of charge and the increase in steric bulk probably explains these
observations. Removal of all hydrophilic substituants {e.q., 34-38} can result in poor inhibitors. A biaryl compound
containing only meta chiorine substitution {e.q., 38} can be a modest inhibifor, suggesting that the chlorines maka
enharnced contacts in the halogen binding pockets as compared to fluorine-containing biaryls {37).

{01421 Several chloring-containing inhibitors were synthesized and their TTR fibrt inhibition activity evaiuated. When
members of this class of inhibitors contain carboxylates in the meta or para positions {2.9., 45 and 48} they can possess
high activity, whereas those having an ortho carboxyiate (such as 47} can be an inferior inhibitor. This observation
suggests that the ortho carboxylate may be too far from the Lys 15 and 15 s-ammonium groups to make favorable
alectrostatic interactions (forward binding mode} or from the Ser 117 and 117 hydroxy! groups to undearge hydrogen
honding interactions {reverse binding maode). Benzylic alcohols 48-580 surprisingly proved to be excellentinhibitors of filril
formation. The meta dichloro substitution on oneting appears to be complemented by benzyi alcohol funclionality in either
the ortho, meta or para position, potentially due to the hydrogen bonding or water-mediated hydrogen bonding. Aseries of
aldehyde analops (38-41) where the -CH, OH groups were replaced by an aldehyde functionality, showed goodinhibition
exceptin the case of the para aldehyde 41, possibly owing to hydration of the aldehyde to a gem diol. It is possible thatthe
aldehydes, the benzylic alcohois and the carboxylates bind in the pocket via a different mechanism. In the absence of
structural information, howsaver, a similar binding meds cannot be ruled out. 1t is also possible that the aidehydes bind
covalantly either to Ser 117 {117') via a hemiacetal or te Lys 15 {15} via animine bond. Subsiitution of the chlonnes with
fluorines {54 and 85} in the case of the aldehydes can result in rather poor inhibitors {39 and 41). As before, compiste
removal of the halogens can resultin inhibitors with poor aclivity (42 and 44}, exceptin the case ofthe meta aldehyde 43
where the activity is modest. This modest activity may resultfrom a high dagree of hydration. itis surprising that the 3’ 5'-
difiunro-meta aldehyde {84}, is infericr to the aldehyde lacking halogens {42).

{0143} [nhibitors thatkeep TTR fibril formation below 50% at a concentration egual o that of TTR (3.8 uM) were further
avaluated for theilr ability to bind TTR selectively over all other proteins in blood plasma. The diffunisal concentration in
hioed can exceed 36 pM 20 h after a single 500 mg dose, or 300 oM 4 h after the same dose. While this high level of
sustained plasma concentration suggests excellent binavailahility, more selective inhibifors will allow for lower dosing and
potentially fewer side-effects; therefore, human plasmawas incubated with this subset ofinhibifors at a final conceniration
of 10.8 uM {average TTR concentration in human plasma is appraximataly 5 pM). TTR was then captured using a resin-
bound antibody, and the immokbilized TTR was washed three times with a solution of TSA (lris saline)/0.05 % saponin,
followed by two washes with TSA. The TTR-inhibitor complex was liberated from the resin with 100 mM triethylamine (pH
11.58}, and the stoichiometry of inhibitor present relative to TTR was determined by reverse-phase HPLC analysis. A
maximurn of 2 equiv of inhibitor may be bound per TTR telramer. The post-wash plasma binding stoichiometries,
representing lower limits owing {o wash-associated [osses, are summarized in Table 1.

j0144] Chlorine-containing biphenyls can be selectivefor binding TTRin human blood plasma (average stoichiometry of
0.8, with a theoretical maximum stoichiomelry of 2.0, see Takle 1). The average stoichiometry obseived was 0.4 for all
inhibitors tested. Ofthe flunrine-containing inhibitors, 18 and 20 exhibited very good and acceptable binding selectivity for
TTR, respectively, superior to the 0.13 stoichiometry displayed by 1 under similar conditions. The stoichiometry values
reperiedin Table 1 canrepresent alower limit dus to wash-associated losses of the inhibitor fromthe TTR sequestered on
a polycional antibody resin. The TTR binding selectivily rasults for 38 and 41 should be considarad with caulicn, becausa
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these compounds may be covalently attached to TTR, as discussed abova.

[01458] Thoseinhibitors that exhibitexcellent TTR amyioid fibrilt inhibition data in vitro, yetdisplay poor plasma selectivity,
may bind preferentiaily to the drug-binding sites in albumin and/or similar sites in other proteins found in plasma. itcan be
unlikely thatsuchinhibitors will prevent TTR misfolding and amyloidosis in a complex envirenmentiike thatof bleod plasma
or CSF.

{0146] High-resolution X-ray co-crystal structures of 1 and three of its analogs 28, 18, and 20 bound to TTR were
obtained by soaking TTR crystals with & 10-fold molar excess of inhibitor for maore than three weeks. The crystaliographic
statislics are summarized in Table 2.

Table 2; Crystaliographic Statistics

Data collection TTR: TTR18 TTR-20 TTR-28
Resoiution (A) 35.58-1.85 42.18-1.54 84.5-17 51.30-1.7
No of unique reflections 20,478 33,741 25,534 25,486
Completeness {%) (Overalifouter shell) 98.4/98.0 95.0/98.0 98.0/89.0 99.0/98.0
F-'Sym(OveraH/()uier sheil} 0.09/0.31 0.03/0.32 0.08/0.3¢ 0.07/0.40
Refinement

Resolution (&) 35.58-1.85 42.18-1.50 €64.5-1.7 513017
R-factor/R-free (%) 21.2/23.8 2221245 22.5i24.0 21.5/24.2
Rrmsd bond lengih (A) .03 0.06 0.02 0.02
Rmsd bond angles (%) 2.3 27 1.9 1.9

{01471 Difiunisal{1)bindsto TTRin both forward and reverse modes. ineach hormone-binding site of TTR, four different
binding conformations of diflunisal were found with approximately equal ccoupancy -- a forward and reverse binding made
each with two symmetrically eouivalent binding maodes. The biaryi systemn of difflunisal was shifted away from the center of
the hormone binding pocket and occupies two distinct positions o form a 'V shaped cone of elactron density in the
hormone-binding pocket of TTR. This mode of binding enhances both hydrophobic and van der Waals interactions
between the inhibiter and the hydrephobic pocket of TTR formead by Leut?, Ala 108, Leu 116, Thr 118 and Vai 121, The
reverse binding mode of diflunisal was augmented by the hydrogen bond interaction between the carboxyl group and the
side chain oxygen of Thr 119 andthe main chain oxygen of Ala 108 in theinner binding pocket. Surprisingly Ser 117 neither
tekes up multiple conformations nor forms any glectrostatic interaction with the inhikitor. In the reverse mode of binding,
one of the fiuorine substituents of difiunisal was within hydrogen bonding distance fromthe Thr 119 side chain oxygen {3.3
A). In the outer binding pocket, the electron density for the side chain atoms of Lys 15 was visible only atlow sigma level
indicatingitmay beinmorethan one conformation. The best possible conformationforthe Lys 15 residuewas modeled ata
hydrogen bonding distance from the carboxyt group of difiunisal in the forward binding mode.

j0148] Compound 20 binds to TTR in the forward binding mode, with the carboxylate-substituted hydrophilic ring
orientedin the outer binding pocket {o interact electrostaticaliy with Lys 15 and 15, The flucrinated arylringis positionedin
the inner binding pocket wherein the halogens are placed in HBP 2 and 2'. interestingly, dose inspaction of both binding
sites reveals a significant cifference in the orientation ¢fthe biphenyl rings. The angles betwesn the planes ofthe phenyi
rings vary from 32.6 degrees in one binding site to 83.8 degrees in the other. This ohservation may be a result of the
negatively cooperative binding of 20 with TTR.

{31481 Compound 18 binds to TTR in the reverse mode with the carboxyiate-substituted hydrophilic amyl ring oriented
into the inner pocket, within hydrogen honding distance of Ser 117 and Ser 117, The arylirings are rotated 34 dagrees with
respect to one ancther to take advantage of hydrophobic interactions with Leu 17, Ala 108, Val 121 and Thr 112, The
fluiorines are positioned in halogen binding pockets 1 and 1. The reverse binding mode was not expected, instead, the
carboxylate was envisioned tn be positioned in the ouler pocket io take advantage of electrostatic interactions with Lys 15
and 15, with the fluorines sequesteredinto halogen binding pockets 2and 2'. However, the reverse binding mode was not
a total surprise, as it was observed previously for diclefenac (a biaryl amine} and several diclofenac anaiogs.

{01507  Substitution of chiorines in place of fivorines in diffunisal induces significant differences in the binding of 28 to
TTR. Compound 28 binds to TTR in the reverse binding mode with the carboxyl-subsiituted arvl ring oriented in the inner
hinding pocket and chlorines sequestered into halogen binding pockets 2 and 2'. Like 18 and 20, compound 28 also
occuipies the center of the hormone-binding pocket. The residues Ala 108, Lys15, Leu 17, Leu 110, Lys 17 and Thr 118 of
TTR protomers forms van der Waals and hydrophobic interactions with the inhibiter. In the inner binding poecket, the side
chain of Ser 117 exists in two conformations to interact with the carboxyl substitution of 28 and Ser 117 of the other
monomers. The same carboxyl oxygen of 28 also forms a hydrogen bond interaction with the main chain oxygen of Ser
117, The other carboxyi oxygen of 28 forms a hydregen bond with the main chain oxygen of Ala 108, Incontrastto difiunisal,
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the Thr 119 residue orients away from the inhibitor, contribuling to the hvdrophobicity of the binding pooket rather than
hydrogen bonding with the inhibitor.
{01511 Tofurther probe the mechanism of action of these inhibitors, their ability {o stabilize TTR against ures-induiced
dissociation as a function of ime was evaluated. Thea rate of tetramer dissociation was linked irrevarsibly to fast, sasily
monitored, monomer unfniding employing urea concentrations exceading those that enabie monomer refolding. Unfold-
ing-monitored dissociation was probed by far UV-CD in 6.5 M urea revesling that all the good inhibitors of acid-mediated
amyloidogenesis slowed the rate of tetramer dissociation in a2 dose-dependent fashion (FIGS. 2A and 2B). Severai
inhiditors, including 20, 48 and 48, show a dramatic effect on dissociation of the TTR tetramer, the rato-limiting step of
amyloidogenesis. See, for example, Hammarstrom, F; et al., Proc. Natl. Acad. Sci. U, 8. A 2002, 25, 16427-32.
[0152] Since the mode of inhibition of TTR fibril formation by these compounds is suspected o be dose-dependent
uning of the tetramer dissociation barrer through ground-state stabiliization, the bast inhibitors should slow tetramer
dissociation the most. The rate of filkbiii formation was maonitored by turbidity at a final pH of 4.4 over 182 h. Sea FIGS. 34,
3B, 4A and 4B, Inhibitors possessing the ability to stabilize tetrameric TTR at low pH will prevent tetramer dissociation,
misfolding and misassembly into amyloid. The best inhibitors of amvicid fibril formation are those that slow felframer
dissociationthe most {FIGS. 2Aand 2B} however, the correlation is not parfect, as someinhibitors bind betterin ureathan
in acidic conditions and vice versa.
[0183] Toensure thatthe inhibitors are stabilizing the tetramericform of TTR (3.8 pM), the quaternary structure of TTR
was proped with equilibrium and velocity analytical uliracentrifugation studiss. The quaternary struciure ofthe protein after
72 hincubation with 18 and 20 (3.6 uM or 7.2 uM) atpH 4 4 was determinad. The tetramer was the dominant species, hoth
at 3.6 puM and 7.2 pM inhibitor concentration in equilibrium AUC as well as in velocity studies.
[0184] [sothermaititration calorimetry (ITC)was employedio determine the binding constants of 18 and 20 to TTR atpH
5.0(25°C). Diflunisal andthe two analogs bindie TTRwith negative cooperalivity, acharacteristic displayad by many other
ligands. Binding atthe firstsite is 15 limes stronger than binding atthe second site inthe case of diffunisal and 20, Biaryt 18
possesses a Ky, approximately 120 times lower than Ky, (Table 3). Table 3 summarizes the first and second dissociation
constanis for the binding of 4, 18 and 20 to wild type TTR determined by {TC. The binding constants for 1 were reportad
previously, and are provided here for comparison purpeoses. Sea Example 1.

Table 3, Dissociation Constants for Compounds Binding to Wild Type TTR

inhibitor Kaq Kaa
4 75 nhd 1100 nM
8 8 nM 1100 nid
20 80 nM 1300 nM

{0158 TetramericWT TTR dissociates withat, , 0f 42 h, and unfolds 500,000 times faster. Hence, its rate of dissosiation
can be probed by linking i to unfolding, which is Irreversible in 8.5 M urea. Since tetramer dissociation is rate-limiting for
amyloidogenesis, all inhibitors displaying excellient in vitro activity and binding stoichiometry exceeding 0.50 in plasma
should siow tetramer disscdiation if the presumed mechanism of action, kinetic stabilization by selective binding to the
native state, is correct {sea FIGS 24 and 2B).

{01588] TTRietramer dissociation rales were measured as a function of inhibitor concentration over g 188 htime-course
in 8.5 M urea. Selectinhibitors, specifically 18, 20, 39, 41, 48, 48, 48 and 4% demonstrate an overall reduction in the extent
of tetramer dissociation over 160 has reflected in the amplitude changes relative 1o TTR without inhibitor. The rate of
{elramer dissociation is also dramatically slowed in the presence ofinhibitor, asreflected inthe decrease in the slops ofthe
firne coursea. [nhibitors 20, 45, 48 and 48 are superior, presumably because the inhibitor dissociates very slowly fream TTR
and TTR- I, due to their high binding affinity in urea. The formation of TM-1and TTR I, can significantly stabilize the native
state due to the low K8 of such complexes, andraise the kinetic barrier for tetramer digseciation, substantially inthe case
of 20, 45, 46 and 48, Even though 18 and 18 hind fo TTR, it appears that thelr affinily is insufficient to affect kinetic
stabilization. itis likely significant that the rank ordering of inhikitor efficacy in urea at an inhibitor concentration of 3.6 oM
(3.6 uM protein)is 20 ~45> 46~48, which is different than aninhibitor concentration of 7.2 uM {20 ~46 > 45 ~48). This likely
reflects a difference in the K, values in urea.

{0157} Kinetic stabilization of the native stale is an attractive therapeutic strategy due to the emerging evidence that
misfolded oligomers, whether on the amyloid pathway or offit, are neurotoxic. Achieving kinetic stabilization with inhibitors
can provide @ non-invasive treatment for SSA, FAP and FAC.

{0158] Tetramer dissooialion rates in urea in the presence of a given inhibitor do not always predict the apility of the
inhibitor to prevent amyloidosis atlow pH. Sinceitis notyet clear how andwhere amvyloid forms in a human, TTR {etramer
stabilizers that function well in a variely of denaturing environments are desirable. The rate of TTR fibril formaticn as a
function of inhibitor concentrationwas explored under acidic condifions (FIGS. 3A, 3B, 4A and 4B). inhibitors 20, 45and 48
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perform excaptionaliy well in this envirenment as well. inhidiior 48 is @ better tetramer stabliizer in urea than in acid,
whereas 1is muchbetterinacidthaninurea. Thefres energy of stahilization associatedwith the formationofthe TTR-fand
TTR 1, complexes in a given environment determines the extent of ground-state stabilization and associated increase in
activation free enargy for teframer dissociation. These data suggest that the inhibitors slow TTR amyloidosis at low pH
much more efficiantly than they siow TTR tetramer dissociation in 8.5 M urea. This maybe becauss amylnidogenesis
reguires concentration-dependent reassembly after dissociation. The more effective inhibitors are those that can keep the
concentration of the monomeric amyloidogenic intermediate of TTR at low enough levels to make fibril formation very
inefficient. As ebservedin the urea denaturation of TTR in the presence of inhibitors, the rank ordering of inhibitor efficacy
atlow pH differs significantly from 3.6 pM inhibitor (FIGS. 3A and 3B} 1o 7.2 g M inhibitor concentration (FIGS. 4A and 4B).
This observation likely reflects the differences in K, values of each of the inhibitors at low pH. The mostdramatic example
is that of diflunisal - one of the most efficacicus inhibitors of fibril formation at 3.6 uM, butone of the leastefficacicus at 7.2
M, owing to its relatively high K.

{0138] The difiunisal analogs represent a promising class of compounds for the treatment of TTR amyloidosis. While
several diciofenac analogs are very good inhibitors of fibrit formation, the diflunisal analogs offer an additional class of
highly effective TTR telramer stabilizers. Several dicinfenac analogs offer tha ability to inhibit filkiii formation resulting from
the dissociation and misfolding of two TTR mutants - Val30Met and Leub5Pro. X-ray co-crystal structures demonstrate
thatthe diclofenac analogs primarily bindinthe reverse binding mode, however, minor perturbations in the structures ofthe
diftunisal anatoegs alfow for either forward or reverse binding. In addition, diflunisalis able to bind sitherinthe forward orthe
reverse binding mode, with almost aguat cccuparncy in both modes. The dissociation constants obtained for diclofenac (60
nl for Ky and 1200 nM for K, ) were comparable to those obtainadfor diflunisal and 20, with 18 demonstrating nearly 10-
fold tighter binding for the first binding event as Hustrated by its Ky, vaiue. In addition, bath inhibiter classes displayed
negatively conperative binding. Most remarkably, several diflunisal analogs were very selective for TTR in human blood
plasma, offering the potential for decreased toxicity and side-effects. See Oza, V. B, etal. J. Med. Cham. 2002, 45,321-32.
{01601 Twenty eight of the compounds synthesized can substantially inhibit TTR amvicidogenesis. Of those, several
showed binding staichiometry exceeding 0.50 equiv in human bleod plasma. Both the chicrinated and fiuorinated arvi
substructures of the better inhibitors are found in known drugs, therefore, there is good reason 1o belisve that these
compounds or thair analogs could be evolved into drugs that do not display the NSAID activity of 4. The fiuorinated
compounds 18 and 20 can bind to and stabilize tetrameric TTR in 6.5 M urea, dramatically slowing the first step of
misfolding and amyloidogenesis, dissociation of the TTR tetramer. Thase compoungds, and others, alse dramatically siow
acid-mediated TTR amyioidoganesis. Of the compounds tested, 18, 20, 38, 41, 45, 48, 48 and 49 performed best at
stabilizingthe TTR tetramer inurea and under acidic conditions. These biaryi compounds appearic increase the activation
barrier associated with tetramer dissociation, the rate-limiling step for amyioid formation, by ground-stale stabilization.

@,

Example 3. Orally Administerad Diflunisal Stabilizes Transthyretin Against Denaturation

{0481} Transthyrelin (TTR} is a homotetrameric protein thattransports thyroxine and holo-relino! binding protein. Under
denaturing conditions, rate limiting tetramer dissociation and rapid monomer misfoiding enables misassembly into
amyloid-causing senile systemic amyloidosis, familial amyloid polyneuropathy, and familial amvioid cardiomvopathy.
Diftunisal binding to atleast one of the two unoccupiad thyrexine binding sites in TTRis knowniostabilize the TTR tetramer
also increasing the dissociation activation bartier in vitro, The feasibility of using diffunisal for the treatment of TTR
amyloidosis was investigated.

Mathods
[0182] Thirty heal'fhy volunteers (25 male, 5 female) were enrolied after informed consent was given. The subjects
ranged from 23 o 53 yvears of age (mean age, 37.6 = 8.8} with a mean body weight of 78.0 = 12.1 kg. Each subject was
treated with diflunisal (Dolebid®) ata dose of 125, 250 or 500 mg twice a day (every 12 hrs) for 7 days (13 total doses). Blood
was collected on day 1 before treatmentandon day 8, 4 and 12 h after diflunisal intake. This study design was approved by
the Human Subjects Committee of Scripps Clinic, Scripps Green Hospital, The Scripps Research Institute, and The
Scripps General Clinical Research Center.
[0163] Serum diflunisal levels were measured. One hundred pl of serum was added to 800 gl of acetonitrile to
precipitate the proteins. Following centrifugation, 100 pb of supernatant was added to 900 pl of 100 mM aqueous
triethylamine, pH 11.5. After filtration, 100 ul of each sample was injecied on a Keystone 3-om C18 reverse-phase column
using a 40-100% gradient of solution B over 10 min (solution A 94.8% water 5% acetonitrile /0.2% trifluornacetic acid;
solution B: 94.8% acetonitrile / 5% water / 0.2% trifluoroacetic acid}, controlied by a Waters S00E multisolvent delivery
system. Deteﬂﬁon was accomplished at 280 nm with a Waters 486 tunabie absorbance detector, and the peaks were
integrated 1o give the concentration of diffunisal from standard curves
{0184} Sioichlomei{y of diflunisal bindingto TTR in human sarum was analvzed. A 1.1 gel /10 mM Trig=HCH pH8.0/140
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mM NaCl/ 0.025% NaNa(TSA) siurry (62.5 pl) of Sepharose was added to 500 gL of serum andincubated at 4°Cior 1 h.
Following centrifugation, 400 ul of supernatant was added t¢ 200 bl of a 1:1 gel / TSA slurry of the anti-TTR antibody-
conjugated Sepharose and slowly rocked at 4°C for 20 min. After centrifugation, the gel was washed with 1 mbL of TSA/
0.05% saponin {Fisher Sciantific) (twice, 10 min each), and additionaliy with 1 mL of TSA{once, 10 min) at4°C. Than 155
wpl of 100 mM aguecus triethylaming, pH 11.5, was added to eluie the TTR and bound diflunisal from the antibodiss. After
gentle rocking at 4°C for 30 min, the sample was centrifuged and 145 pl of the supernatant was removed. A 135- pL
injection of sample was separated and analyzed as described previously (Purkey et al. | Proc Natl Acad Sci USA 2001, 88:
5568-71).

{01658} Serum TIR tetramer stability towards urea denaturation was evalusted. Ten pl samples of serum were
incubated (25 °C) in 80 ul of various concentrations of urea in 50 mM phosphate buffer {pH 7.0; 100 mM KCI, 1 mM
EDTA, 1 md DTT). Urea solutions were checked by refraclive indax to verify the concentrations prepared by weight.
Glutaraldehyde cross-linking of the protein was performed by adding 10 pl of glutaraldehyde (25%). The cross-linking
reaction was aliowed to proceed for 4 min before itwas quenched by the addition of 10 pl of NaBH, (7% in 0.1 M NaOH).
The samples were mixed with 120 uL of SDS reducing gelloading cockiail (final SDS concentration = 2.5%) and boiied for
5 min. Samples were separated using 12% 3DS-PAGE and the gels were analyzed by immunobintiing using anti-TTR
antiserum (Purkey et al., supra).

{0168} Serum TTRtetramer stability againstacid denaturation was evaluated. Ten pl samples of serum were incubated
{37 °Cyin 90 ul of 100 mM acidification buffer. Citrate buffer was usedwhen a final pH of < 3.8 was desired; acetate buffer
was employad when the pH range under evaluation was 4.2 - 5.4, After crogs-inking, sampias were analyzed by SDS-
PAGE and immunoblotling as described above.

{04871 Recombinant WT TTR and variants were expressed in BL21/DE3 Epicurian gold Escherichia coli {Stratagene)
transformed with the pmmba plasmid containing the TTR and ampicillin-rasistance genas. Exprassion and purification
were parformed as described previcusly {Lashuel et al., Biochemistry 1989, 38. 13560-73).

j0188] Rate of TTR tetramer dissociation was measured by circular dichroism spactroscopy. The evaluation oftetramer
dissociation rates was carried out using recombinant TTR (3.8 pM) samples in 8.5 M urea, a concentration in the post-
transiion region for terliary structural change (Hammarstrém otal | Froc Nati Acad Sot USA 2002, 8. 16427-32). The fai-
UV CD spectraof TTR{Z210- 220 nm) as afunction oftime was measuredio evaluate the slowtetramer dissociation rate by
linking it to fast tertiary structural changes.

{01489} Fibrilformation assay was carried cut as follows. Arecombinant TTR stock sclution (7.2 pM)was diluted 1.1 with
100 mM acidification buffer. Citrate buffer was used when a final pH of < 3.8 was desired; acetate buifer was employed
when the pH range under evaluationwas 4.2 -86.0, andphosphate buffer was utiized for evaluating amyloidogenesis at pH
6.5 Samples were incubated at 37 °Clor 72 hwithout stirring after acidification. The exdent of fibril formationwas probed by
turbidity measurements at 400 nm

{01707 Fibril formation kinetics were measured as follows. Solutions of recombinant TTR (7.2 M) were mixed with an
equal volume of 100 mM acetate buffer to vield a final pH of 4.4, The samples werg incubated at 37 °C and the turbidity at
430 nm was monitored over the course of 168 h. A separate sample was made up for each time point.

{0171} Theeffectof diflunisal on urea-mediated ietramer dissociation and pH-mediated fibril formation was evaluated by
adding diflunisal to a TTR solution which was incubated for 3h {37 °C) before subjecting the protein to urea denaturation or
pH-mediated amyioidosis.

Resuits

{0172]  The meanserum diflunisal concenirations, measurad by HPLC, 4 and 12 h afterintake of the 13t dose were 20.1
=7 1andB.8 = 3.0 pMinthe 125 mg bid group, 233.5 = 768.0 and 1458 = 38.8 pMin the 250 mg bid group, and 517.0 =
79.5and421.9 = 78.1 pM inthe 500 mg bid group. Greater than 98% of difflunisal is protein bound. These concentrations
observed in 250 mg bid and 500 mg bid group are very high relative to the TTR concentration inserum (3.5 - 7.2 uM) and
shouldyield a diflunisal binding stoichiometry appreaching the maximum of 2if binding to competitor proteins such as TBG
{0.3-0.5 uM) andfor albumin (580 - 725 uM), which has multiple binding sites for smali molecules, is not of high affinity.
{04731 Diftunisal preferably binds tetrameric TTR in blood with stoichiometry of at least 1 and ideally 2 to observe
maximum kinelic stakilization. To place a lower limit on ciflunisal steichiometry in each subject, we immunoprecipifated
{ransthyretin from serum with polvelenal antibodies bound 1o a sclid phase resin as described previously (Purkay et al,,
supra). After washing immobilized TTR 3X {¢ eliminate non-specific binding, the TTR-diflunisal complex was disscciated
from the resin and the diflunisal stoichiometry was determined by HPLC employing standard curves. The sioichiometry of
diftunisal boundto TTRinserum 4 and 12 h afler intakewas 0.45 = 011 and 0.31 = 0. 12inthe 125 mg bid group, 1.12 =
0.08 and 0.95 = 0.13 in the 250 my bid group and 1.51 = 0.09 and 1.48 = 0.08 in the 500 mg bid group. Diflunisal
stoichiometry increased with its serum concentration, up to ~300 pM. The lower than expected maximal stoichiometry of
1.5 at a serum concentration of 300 M either results from a limitation of the method (wash-associated losses) andfor
difiunisal tinding o other plasma proteing, therefore we cardad cut a difiunisal binding stoichiometry study with
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recombinant TTR. Wash-associaled [ossas explain the maximum binding stoichiomatiy of 1.5 owing primarily to
disscoiation from the low affinity site. Diflunisal binds to TTR with negative cooperativily, hence dissociation from the
iow affinity site is dramatically faster The expected binding stoichiometry in buffer was calculated based on the
dissociation sonstants determined by isothermal tiiration calorimetry (K, 75 nM, K, 1.1 pM). Coplotiing the calculated
and experimentally determined stoichiomatry, the latter derived from immuncpracipitation {3 washes) and HFPLC analysis,
allows one to estimate the true stoichiometry at 1.75 -1.91 at 250 mg bid, suggssting that this dose could be utilized.
{04741 A comparison of diffunisal (100 M) binding stoichiometry in subjects (0.8 - 1) to recombinant TTR (1.5} reveals
significant binding to serum proteing besides TTR, providing the incentive 1o deveiop diftunisal analogs that bind more
selactively to TTR. The serum level of TTR was increased and the serum levels of total T, and RBP were decreasad after
diftunisal administration in all groups. These findings suggest that diflunisal influences TTR metabolism. No ocbvious side
effects were chserved during or after the study. However, the serumlevel of aibumin was decreased significanily and the
levels of BUN and creatinine were increased slightly in tha 500 mg hid group. Inthe 250 mg bid group, the serum level of
albumin was decreased moderately and the level of BUN was increased slightiy.
{04781 A new method was developed to demonstrate that orally administered difiunisal stabilizes serum TTR against
denaturation strasses including amyloidesis. This methedsearves as a surregate markear o identify compounds that should
prevent TTR misfolding diseases. Whole serum from the subjects was subjected ic denaturation either by addingurea{0-
9 M) or by adding acid{pH 3.6~ 5.4). Since TTR must dissociate in order to denature, quaternary structural changes canbe
usedto monitor the extent of unfolding (Hammarstrém et al, supra). Glutaraldehyde was added o crosslink all the proteins
i serum after being subjectadic a denaturation strasgs and to establish what fraction of TTR is normally folded (tetramear or
dimer) versus denatured (monomer). SDE-PAGE of whole serum separates the crosslinked TTR tetramer and dimer
(these representing folded TTR) from the monomer. Immuncbiotting epables quantitative comparisons of the amount of
folded TTR. The poilyclonal antivodies do notbind to the unfolded TTR monomer nearly as well asfolded TTR, thereforaitis
most useful to compara the intensity of the tetramer and dimer bands in the absence and presence of diffunisal. The time
dependence of diflunisal inhibition of TTR denaturation can also be evaiuated by this method. The barely noticeable time
dependence of this process in the presence of diffunisal strongly supports the kinetic stabilization mechanism (see
Example 1) wherein ground state stabilization by diflunisal makes the tetramer dissociation barrier insurmountable. The
efficacy of the diffunisal (250 mg bid) in these denaturation time courses is better than the measured stcichiometry {0.8 -
1.2} would predict, providing further evidence that the immunoprecipitation method underestimates the actual binding
stoichiometry, especially when it exceeds 1
{0176} Knowing the range of diffunisal binding stoichiemetries in humans and the concentration of diflunisal reguiredto
mimic those stoichiometries in a test tube allows for the carrying cut of relevant in vitro biophysical studies to probe the
mechanism by which the TTR- diffunisal and TTR-diflunisal, complexes preventdissociation and amyloidosis. The rate of
urea-mediated (8.5 M} disscooiation and the rate of acid mediated (pH 4.4) amylcid fibril formation were studied as a
unction of diflunisal concentration (5, 10, 20 and 80 wM), revealing dose dependent siowing. Sincetetramer dissociationis
rate limiting for amyloid fibritformation, it follows that tetramer dissociation ratesin urea should be predictive of the extent of
amvioid fibrit formation mediated by acidification. Diflunisalis better atinhibiting amyioidosis than inhibiting urea mediated
disscciation because concentration dependentreassembly is also requiredfor amyloidosis. itis also possible that K, and
Ky associated with diffunisal binding to TTR are lower in acid than in urea.
01771 Nore than 80 TTR mutations predispose individuals {o hereditary amyloidosis by sequence dependent altera-
fions of the denaturation energy landscape. OF these, the amyloid depoesition of V1221 rasulls in Tamilial amyloid
cardiomyopathy (FAC) in 3 - 4% of African Americans, whereas V30M is the prominent familial amyioid polyneuropathy
{(FAR)y mutation. Diftunisal inhibits both V1221 and V30M amyicidogenesis in a dose dependent fashion, demonstrating the
generality of this approach.
{0178} [tis highly desirable to develop a general, non-invasive therapautic strategy to ameliorate TTR amylioidosis. The
results outlined herein indicate that oral administration of diflunisal can slow tetramer dissociation by binding to and
stabilizing the non-amyloidogenic native state. Native state stabilization is a particularly attractive strategy given recent
repaoits that misfolded oligomers and not amyloid fibrils cause neurndegeneration. Clinical use of diffunisal (250 - 500 mq
bid) for rheumatoid arthritis and osteocarthnlis demonstrate its low toxicity for long-term uses. TTR's serum haif-lifeis 12 -
158 h, therefore twice daily dosing seems optimai giventhe 8- 10 h haif-life of diflunisal. Diflunisal should be effective against
S8A, FAC and FAP, because it binds both WT and variant TTR imposing kingtic stabilization, analogous to mechanism
utilized by the inclusion of trans-suppressor subunits into TTR tetramears otherwise composed of disease-associated
suibunits, which is known to ameliorate human disease. Diflunisal may be less effective against CNS amvicidosis because
it cannot cross the blood-brain barrier, although diflunisal analogs (e.g., an analog described herein) may have such an
ability.
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Example 4. Hydroxyiated Polychiorinated Binhenyls Selectively Bind Transthyretin in Blood and Inhibit Amyioidogen-
25is

01791 Polychlonnated biphenyls (PCBs) are known persistent environmental paliutants that are reported to ba toxic to
radents and possibly humans. The longevity of these compounds in the environiment is due to thair siow degradation and
high lipophilicity, which allows them o bioaccumiiiate and concentrate as they move upthefood chain. Hydroxylated PCBs
{OH-PCBs) are metabolites formed by oxidation of PCBs by the P450 monooxygenases. Definitive data on the toxicily of
individual PCB compounds in humans is difficult to find due to the fact that the commaercially avallable PCBs ars generally
mixtures that contain many different isomers as wall as trace amounts of known toxins, e.g. chiorinated dibenzofurans.
However, the toxicity of several purified PCBs has been demaonstrated in laboratory animals. Bone loss, immunologic
toxicity, neurotoxicity andlowerad thyroid hormena levels, in addition to the estrogenicity of the OH-PCBs are assocdiated
with the administration of these compounds.

{0180} NMNumerous studies demonstrate that PCBs and OH-PCBs bind to transthyretin (TTR) in vitro. it has been
suggested that TTR is the protein target in human blood that contributes to the persistence of the OH-PCBs in exposed
individuais. While numerous reports suggest TTR as g PCE binding protein in vivo, there is no definitive evidence that
PCBs bindtotransthyrelinin plasma We have developed animmunopracipitation methodthat canbe usedio place alower
limitonthe binding stoichiometry of small moleculesto TTR inbiciogical fluids. The TTR binding steichiometry of PCBs and
OH-PCBs 1o human plasma TTR was evaluated herain

{0181] Post-secration amylnidogenesis of plasma TTR reguiring rate limiting tetramer disscciation, monomer misfold-
ing and misassembly putatively causes senile systemic amyloidosis, familial amyloid cardiomyopathy and the familial
amyloid polyneuropathies. Herein, several OH-PCRs are demonstrated to bind sefectively to TTR in human plasma and
inhibit anwyioid fibril formation through tetramer stabilization leading to partiad or complete Kinelic stabilization of the native
state. Four representative TTR-{OH-PCB}, complexes were characterized by x-ray crystallography to better understand
the molecuiar basis for binding and to provide the basis for the design of optimized TTR amyloidogenesis inhibitors.

Binding Selectivity of PCBs and OH-PCBs for Transthyretin in Human Blood Plasma

{04821 The binding selectivity of eight PCBs (compounds 1-8, FIG. 5}, reported to displace thyroid hormobne from TTR
with an [Cyq of fess than 50 nM and fourteen OH-PCBs (compaunds 8-22, FIG. €), known PCE metabolites that are
reportedto bindto TTR orlower thyroxine levels in mice or rats were evaluated. Lower limits on PCB hinding stoichiometry
to TTR in plasma were established using polvcional TTR antibodies covalently attached 10 a sepharose resin that was
mixed with human blood plasma prefreated with PCEB or OR-PCB (10.8 uM). After washing, the PCB or OH-PCE binding
stoichiometry to TTR (=5 uM) was evaluated by reverse phase HPLC.

{0183] Uptotwo PCBscan bindiothe twoidenticalthyroid hormone bindingsitesina TT Rietramer. Exceptfor PCBs 1&
3, the remaining non-hydroxylated PCBs displayed relatively low binding selectivity for plasma TTR (Table 4). In contrast,
the OH-PCRs showed good 1o excellent binding selectivity for plasma TTR {Table 5). Several of the hvdroxylated PCBs
{e.g., 18 and 22) approach a hinding stoichiometry of 2. The bindingselectivity of OH-PCBsinwholie binodis very similar o
that observed in plasma, hence enythrocyte membranes do not significantly sequester the OH-PCRBs studied.

Table 4: Binding Stoichiometry of PCBs to TTR in Human Biood Plasma

Compound Equivalents Bound
3 150 = 0.42
g 082 =012
6 .18 = 0.1
2 0.18 £ Q.03
5 .08 = 0.04
4 .05 = 0.04
7 No Binding
3 No Binding

Table 5: Binding Stoichiometry of Hydroxyiated PCBs to TTR in Human Bload Plasma

Compound Equivalents Bound {Plasma} Equivalents Bound {Blood)

16 1.86 = 0.14 ND
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{continued)

Compound Equivalents Bound {Plasma} Equivalents Bound {Blood)
22 187 = 040 1.69
17 163 £ 0.05 ND
18 148 = 0.6 1.55
21 1.40 = 0.22 1.33
18 138 = 0.2 ND
12 123+ 024 1.47
11 112 £ 022 1.20 -
20 1.02 = 0.00 0.86
10 3.86 + Q.09 .93
13 0.84 = 0.24 0.88
9 (.83 = 0.19 0.57
14 0.81 £ 0.29 073
18 070 & 047 0.58

f3184] Theantibody capture ofthe TTR-PCE complex has the potential to underestimate the PCE binding steichiometry
owing o PCB dissociation from TTR during the 5 wash steps. PCBs and OH-PCBs (10.8 pM) were incubated with
recombinant TTR (3.6 pM) to evaluate the stoichiometry of small molecule bound to immobilized TTR affer each wash
step. Stoichiometry decreased by 10-17% for PCB 2 and OH-PCB 18 after Swashes, whereas that of PCB 4 decreased by
45%. Quantification of wash-asscecialed losses allows one to estimate the true binding stoichiomeatry of PCRBs and OH-
PCBs in plasma. Furthermore, a good correlation between the final stoichiometry of OH-PCE bound to recombinant TTR
and the amount bound to TTR in plasma indicates that the compound is a highly selective TTR binderin plasma, e.g., OH-
PCB 18. In contrast, PCBs 2 and 4 exhibit a higher kinding steichiomeatry to TTR in buffar than in plasma, strongly
suggesting that they bind to competitor protain(s) as well as TTR in plasma.

TTR Amyloid Fibril inhibition by Hydroxyiated PCBs

f0185] The ability of OH-PCBsand PCB 3toinhibit TTR fibnit formation invitrowas evaluated because these compounds
exhibitgood binding selectivity to TTR in blood. TTR secretedinto blocdfrom theliver appearsio be the source of systemic
TTR amyloid, While it is net vet clear where or how amyioid is formed in humans, the typical denaturant in cells is acid,
which s effective in converting nearly all amyloidegenic peplides and proteins into amyloid andfor relaled aggregales.
Hence, acid-mediated (pH 4.4} fibril formation monitored by turbidity was employed to monitor the effectiveness of the
PCBs as inhibitors. Hydroxylated PCBs and PCRB 3 were highly efficacious as TTR fibril inhibitors. Al an inhibitor
concentration equal to the WT TTR concentration {3.6 uM), only 12 - 50% of the normal amount of fibrit formation
was observed afler a 72 h incubation period. This activity is equivalent to that displayed by the best fibril inhibitors
discovered o date, such as fifenamic acid (Fiu), which was included as a positive control.

Binding of OH-FCE 1810 TTR

[0188] FPFrevious mass spectromatry experiments suggest that OH-PCB 18 exhibils positive binding cooperativity 1o
TTR's two C, related thyroid harmone kinding sites. When substoichiometric {<1.1} amounis of 18 are added 10 TTR, the
predominant species chsarved in the mass spactrometer are ape-T1R and the TTR-18, complex, consistent with
positively cooperative binding. The TTR binding characteristics of 18 are in contrast {o those exhibited by numerous
other TTR amyloid fibril inhibitors that bind with negative cooperativity. Isothermal titration calorimetry studies carried out
under physiological conditions reveal that the bindingof OH-FCE 18 1o WT TTR fits best to a model where the dissociation
constants are identical K8 (3.2 = 1.8 nM}. This result does not disprove positively cooperative binding, as one cannot

achieve a low enough concentration of TTR to probe positive cooperalivity because of the insufficient heat released.
Attempis to fit the collected data to models of positively or negatively cooperative binding yvielded poor fits.
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Co-Crystal Structures of OH-FCBs 12, 18, 17 and 18

{0187} Crystals of OH-PCBs 12, 18, 17 and 18 bound to WT TTR were oblained by soaking T TR crystais with a 10-fold
excess of inhibitor for four waeks. X-ray structuras were then scolved for each of the complexes. The TTR dimer within the
ciystalingraphic asymmatric unit forms half of the two ligand-binding pockets. Because both binding sites are bisectad by
the same two-fold axis of symmetry, two symmoetry equivalent binding modes of the inhibitors are typically observed. Each
TTR binding site can be subdivided into inner and cuter cavities. These cavities comprise three so-called halogen binding
pockets {HBPs) because they are occupied by the iodines onthe two aromatic rings of thyroxine. HBP 3and 3 aralocated
deepwithinthe inner binding cavity, HBP 2 and 2' define the boundary between the inner and outer binding cavity, whereas
HEP 1 and 1" are located near the periphery of outer binding cavity. The co-crystal structures reveal that the C-C bond
connecting the two aromatic rings of the ORH-PCRB are nearly centerad on the 2-fold symmetry axds, giving the appearance
of asingle binding conformation. The dihedral angle betwaen two phenvlringsis 58° for 12, 37° forboth 16 and 17, and 44°
for 18. All of the OH-FCBs occupy similar positions in the inner and outer binding pockets. The van der waals
compiimentarily of the biaryt ring system facilitates several inter-subunit interactions involving residues X, Y and Z in
onesubunitandresiduss v, m’, and o’ inthe other subunit compaosing each kinding site. Several of the substituents on the
phenvl rings are off-axis and can he modeled in multiple positions within the observed electron density.

OH-PCB 18 Boundto TTR

{04881 The 1.8 A X-ray structure of the TTR=18, complex demonstrates that the inhibitor has excellent steric
compiementarity with the TTR binding site. Molecular mechanics {Insight I, Accelrys) indicates that the unbound
senformation of 18 is close to its bound structure. The refined structure defines direct and water-mediated electrostatic
interactions that contribute to high affinity binding of 18. One ofthe 3-Cl, 4-COH, 5-Cl identically substitited aromatic rings
occuipies the inner binding pocket, its chiorine substituents projecting into HBP 3 and 3'. The side chains of Ser117 and
Thr119 adopt an alternative conformation by rotation about thelr Ca-Cf bonds as discarned by the unbiased elactron
density maps. The side chain of Ser{17 adopts all three rotomer conformations as discerned by the distribution of elactron
density. Interestingly, two water molecules are located in between the adjacent Serii7 residues at the two-fold axis with
50% oeccupancy, facilitating a network of hydrogen bonds connecting the Sert17 residues, the nearby water molecuies and
the phenol functiohality of 18. it is not clear from an inspection of the structure why 18 binds with non-or positively
cooperative behavior. The other identically substituted ring occupises the outer TTR binding pocket with its halogens
projecting into HBPs 1 and 1"

Compound 16 Boundto TTR

{04881 The 3-Ci, 4-OH, 5-Cltri-substiiuted phenolic ring of 18 is oriented into the inner binding site of TTR making the
same electrosiatic and hydrophobic interactions with TTR that this ring does in the TTR=18, structure described above.
The 3.4d-dichlorinated aromatic ring occupies the outer binding pocket, with the halogen directed inte HBP-1 or 1
depending upon which symmetry eguivalent binding mode is being considered. The electron density of 16, iike that of
OH-PCB 18, is symmetiic and thus itis not possible 1o position the para OH and para C1 unambigucusly based upan the
elactron density map. The unbiased electron density map is consistent with thrae rotomer conformations of Sert17 and
contains two water molecules in betweaen the Ser117 residues, analogous to the TTR-18, structure.

OH-PCB 17 Bound te TTR

{01801 Inhibitor 17 binds with its 3-Ci, 4-OH, 5-Ci substituted ary! ring oriented into the inner binding pocket utilizing the
same inferactions that this ring uses in the TTR-18, and TTR48, structures described above. The 2,3,4-tri-chiotinated
ring occupies the cuter binding pockat utilizing interactions with HBP-1, HBP-1, HBP-2, HBP-2'In the two symmelry
equivalentbinding modes. The multiple conformations of Seri17 and the two conserved water molecules are alsc features
of the TTR-17, structure. A conformational change of the Thr118 side chain was evident from the unbiased slectron
density maps.

Compound 12 Boundto TTR

{01911 Biarvl 12 places its 3-Cf, 4-0H substituted aryl ring in the outer binding pockat, with its two chiorines interacting
with HBP-1and 1. In contrast to the structures of TTR-18, and TTR-17, where the phenol is located in the inner binding
pocket. The hydroxyl group (probably in the ionized form) is within hydrogen bonding distance of the Lys15 side chains.
The tetra-chiorinated ring is placed in the Inner binding pocket wherein the halogens are oriented in HEPs 2 and 2' as well
as 3 and 3. The Sert17 and Thr119 side chains adopt conformations that are identical to those found in the apo-TTR
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structure, uniike the situation in 18, 17 and 18.

{0182] Herein, of 8 PCBs praviously reported to displace T4 with an 1Cgq of fess than 50 nM, only 1 and Swere shownto
bindto TTR with an appreciable stoichiometry in human plasma. In contrast, all fourteen OH-PCBs previously reportedio
bindio TTR exhibited significant binding selectivity io TTR in plasma. Thisis consistentwith the observationthat OH-PCBs
are chsarved primarily in plasma and appear 10 be selectively retained there, as opposed {o ratention in lipids and cther
fissues where FCBs typically accumulate. The OH-FCEs also bind selectively to TTR in whole blood consistent with the
idea that they do not partition into lipid membranes.

{34831  The amount of PCBE (or OH-PCE) that washes off of the antibody-TTR-PCB complex during the washing steps
was evaluated using recombinant WT TTR. The extent of wash-associated PCB dissociation is molecuie specific. Some
compounds exhibit high binding stoichiometry after the washes, consistent with significant initial binding and low wash-
associatediosses, implving a slow dissociation rate. Compaounds exhibiting low binding stoichiometry fall inte at isasttwo
categories: high initiad binding stoichiometry with significantwash-associated losses or low initial binding stoichiometry
withoutsignificantwash-associated losses, the latter scenano applicable to compounds that bind with high affinily to TTR,
butwith even higher affinity {o another plasma protein(s). PCBs 2 and 4 both exhibitlow post-wash binding stoichiometry to
recombinant TTR. Forty five % of PCE 4 was iost due to washes whereas PCEB 2 simply exhibils peor inifial binding
stoichiometry with minimal wash-associatad (osses (10%). The postwash saleclivity values reflect a lower iimit of the
amount of PCB that is initially bound in plasma. Compounds like PCB 18, which are characterized by high post-wash
binding stoichiometry must have high binding affinity and selectivily, consistent with the slow ¢ff rale observed.

{0184] In addition {o their high binding selectivity to plasma TTR, the OH-PCBs and PCRB 3 also display excelient
inhibition of TTR fibril formation in vitro. The efficacy ofinhibitors 14, 15, and 18 are among the highest observedic date at
equimolar inhibitor and TTR concentration (3.6 uM). Thisis likely atiributable to their high binding affinity (also consistent
with their low off rate} and theilr non- or positively ceoperative TTR binding properties which are unusual. The nM Kgs
axhibited by the bestinhibitor, OH-FCB 18, dictates that the native state of TTR will be stabilized by > 3 keal/mol. Ground
state stabilization raises the tetramer dissociation barrier {rate limiting step in TTR amyioidogenesis) substantiaily, such
that the {elramer cannot disscciate on a biolegically relevantiimescale. Kinstic stabilization of the native non-amyioidn-
genic state mediated by binding of 18 to the ground state was confirmed by dramatically slowed tetramer dissociationin g
M urea and siuggish amvyicidogenicity at pH 4.4. CH-PCRB 18 (3.6 pM} is believed to be an impressive amyloid inhibitor
because it is an excellent kinetic stabilizer of tetrameric TTR, Le. it prevenis 2/3 of a 2.6 uM TTR sample from being
amylnidogenicatpH 4.4 because TTR«18 and TTR18, are incompetentto form amylaid, the remainder of TTR {118 uM)
forms amyloid very inefficiently because of its low concentration. The dissociation rates ofthe best OH-PCB inhibitors may
also be slower than expected because of TTR structural annealing around the OH-PCB, but this has not vet been
evaluated as carefully as required. Al 2 minimum, these compounds provide guidance for the synthesis of exceptional
inhibitors, or may themselves prove useful as inhibitors depending on their toxicity profile.

{0195] The structural information on TTR bound to OH-PCBs 12,186,17 and 18 reveal that these biaryls generally bind
along the crystaliographic two-fold symmetry axis. The dihedral angie between the two rings ranges from ~40-60°,
allowing the halogen binding pockets {HBPs) on fwe neighboring subuniis 1o be engaged simultanecusly, leading to
stabilization of the tetrameric guaternary structural interface. Hydroxylated PCB 18 has oplimal structural complimentarity
with TTR asits chiorines are able tobindto HBPs 1 and 1" aswell as 3 and 3 simulianecusly. Thisis notthe casewith 18 and
17, which require consideration of both symmetry equivalent binding modes in order to extend chloninas into HBPS 1, 1, 3
and 3.

{0196] The orientation ofthe phenclicringintothe inner binding pocket appears to play aimportantrolein thatit enables
a water mediated hydrogen bonding network to form between it and neighboring TTR subunits that presumably further
stabilizes the native quaternary structure of TTR. A H-bonding network inveiving the three staggered conformations of
Sar-117, the phenolic group of the inhibitor and the two conserved water molecuies creates an electrostatic network that
interconnects the two subunits that form the PCB bindingsite. in all three structures, Thri18 also occupies multipie rotomer
conformations. in contrast, this network of electrostaticinteractions is absentinthe 12, TTR complex inwhichthe hydroxy!
substituted phenyl ring is oriented in the cuter binding pocket and wherein Ser 117 and Thr 119 adopt apo side chain
conformations.

{04871  The toxicity of OH-PCBs is not well established in the literature. in a variety of in vitro and animal studies, CH-
PCBs appearto be aither mildly estrogenic or anfi-estregenic. Gther toxicity mechanisms have been suggested andthere
are algo repaits of decreased thyroid hormone fevels in animals exposadto thase compounds. The suggestion that OH-
PCE binding to TTR lowers T4 levels and that lowered T4 levels reflects small molecule TTR binding is difficult to directly
support. Since roughly half of T4 is carried by albumin, the displacement of T4 from the albumin binding sites seems more
likely to be the cause the lowered Td levels inindividuals exposed to PCBs. Thyroid binding giobulin has the highest affinity
for thyroxine and is a main carrier in humans, butitis not present in many lower mammals, including rats and mice where
many of the toxicological profiles of these compounds have been studied. Thus, in these species it is more likely that
sempounds binding te TTR will have an effect onthe overall binding andtransport of T4. Data showing binding of PCBs to
TBG suggest litle interaction, with the exception of one or two weakly binding compounds. Therefore, the effect of OH-
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PCBs on human thyioid levels should be minimal uniess they bind to albumin. There are alsn reports that these
compounds may be interfering with thyroid hormone activation or increasing the rate of suifation, and therefore
inactivation, of T4, OH-PCBs could also bind 1o other thyroid hormone targets including thyroid hormone receptors,
which seems reasonabile given the structural analogy with T4,

{0188] s clear that liltle is established regarding hydroxylated FCE toxichy, espedially in humans. The toxicology in
rodents is expectedio be more severe owingto T TR's role as the primary thyroid hormone transporter. Whatis clearis that
hydroxylated PCBs exhibit excellent activity as inhibitors of transthyretin fibril formation, suggesting that this class of
sompounds has the potential 1o be useful for the inhibition of amylaid fibrl formation

Materials and Methods

Transthyratin Antibody Purification and Conjugation to Sepharose

{04891 Antibodies were produced, purified and coupied to Sepharcse. The resin was stored as a 1.1 siurry in TSA (10
mM Tris, pH 8.0/ 140 mM NaCl/0.025% NaN,). In addition, quenched Sepharose was prepared by coupling 200 mb Tris,
pH 8.0 to the resin instead of the antibody.

Human Plasma Preparation

{0200} ‘Whole blood was drawn from healthy volunteers at the Scripps General Clinical Research Center’'s Normal
Blood-Drawing Program and transferred {o 50 mi conical tubes. The tubes were centrifuged at 3000 RPM (1730 x glina
Sarvall RT7 benchiop centrifuge equippad with a swinging bucket rotor for 10 min at 25 °C. The plasma supernatant was
removed and centrifuged again at 3000 RPM for 10 min to remove the remaining cells. Sodium azide was addedio give a
0.05% solution. The plasma was stored at 4°C until use

immunoprecipitation of Transthyratin and Bound PCEs

{02011 A 2mlL eppendorftube was filled with 1.5 mbL of human bloed plasma and 7.5 pl ofa 2,16 mM DMSO solution of
the PCB under evaluation. This solution was incubated at 37°C for 24 h. A 1.1 resin/TSA slurry (187 L) of quenched
Sepharose was added to the solution and gently rocked at 4°C for 1 h. The sclution was centrifuged (16,000 x g) and the
supernatant divided into 3 aliquots of 400 L each. These were each added to 200 L of a 1:1 resinfTSAslurry of the anti-
transthyretin antibody-conjugated Sepharcse and siowly rocked at 4°C for 20 min. The samples were centrifuged (16,000
X g} and the supernatant removed. The resin was washad with 1 mLTSA/D.05% Saponin (Acros) (BX 10 min} al 4°C, and
additionally with 1 mLTSA(2X 10 min) at4°C. Thesamples were centrifuged (16,000 x g}, the finalwash removed, and 155
plof 100 mM triethylamine, pH 11.5was addedto eiute the TTR and boundsmall molecuies from the antibodies. Following
gentle rocking at 4°C for 30 min, the samples were centrifuged (16,000 x g) and 145 ul ofthe supernatant, containing TTR
and inhibitor, was removed.

HPLC Analysis and Quantification of Transthyretin and Bound PCBs

{02027 The supernatant elution samples from the TTR antibody beads {145 pl) were loaded onto a Waters 71F
autosampler. A 135 pl injection of cach sampie was separated on a Keystone 3 cm C18 reverse phase column ulilizing a
40-100% B gradientover 8 min (A 24.8% H; 0/ 5% acetonitrile / 0.2% TFA; B: 54.8% acetonitrile / 5% H,0 /7 0.2% TFA),
controlied by a Waters 600E multisolvent delivery system. Detection was accompilished at 280 nm with a Waters 486
tunable absorbance detector, and the peaks were infegratedio givethe area of both TTR and the smali molecuie. In order
1o detarmine the quantity of each species, kKnown amounts of tetrameric TTR or PCE were injected onto the HPLC . The
peaks ware integrated 10 creale calibration curves from linear ragressions of the data using Kaleidaegraph (Synergy
Software). The calibration curves were used {o determine the number of moles of each species present in the plasma
sampies. The ratio of small molecule to protein was calculated to viseld the stoichiomeatry of small molecule boundte TTRIn
plasma.

Transthyretin Amyloid Fibril Formation Assay

{0203} The compounds ware dissclved in DMSO at a concentration of 720 oM. Five gl of a solution of the compound
being evaluated was added to 0.5 mb of a 7.2 uM TTR solution in 10 mM phosphate pH 7.6, 100 mM KCi, 1 mM EDTA
buffer, allowing the compoundio incubate with TTR for 30 min. 495 pl of 0.2 mMacetate pH 4. 2 100 mMKCH 1 mMEDTA
was added, to yield final protein and inhikitor concentrations of 3.6 pM each and a pH of 4.4, The mixture was then
incubated at 37°C for 72 h, after which the tubes were vortexed for 3 sec and the optical density was measured at 400 nm.
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The extent of fiori formation was determined by normalizing each optical density by that of TTR without inhibitor, definedto
he 100% fibril formation. Control solutions of each compoundin the absence of TTR were also tested and none absorbed
appreciably at 400 nm.

isothermal Titration Calorimetiy of PCB 18 and TTR

{0204] A 25 uM solgtion of compound 18 {in 10 mM phosphate pH 7.8, 100 mM KCI, 1 mM EDTA, 8% DMS0,) was
iitratedinto a 1.2 pMsoiution of TTR in anidentical buffer using a Microcal MCS Igothermal Titration Calonimeter (Microcal,
Northampton, MA). An initial injection of 2 uL was followed by 25 injections of 10 ul at 25°C. The thermogram was
integrated and a blankwas subtractedto vield a binding isotherm that fit bestic a model of two identical binding sites using
the ITC data anaivsis package in ORIGIN 5.0 (Microcal).

Crystallization and X-ray data coilection

{0208} Crystals of recombinant TTR were obiained from protain solutions at 5 mg/mi (in 100 mM KCE 100 mi
phosphate, pH 7.4, 1 M ammonium suifate} equilibrated against 2 M ammonium suifate in hanging drop experiments.
The TTReligand compiexes were prepared from crystals soaked for 2 weeks with a 10-fold molar excess of the ligand to
ensure full saturation of both binding sites. 1.1 acetona:waler sclulion was used as a scakingagent. A DIP2030b imaging
plate system (MAC Science, Yokohama, Japan) coupled to a RU200 rotating anode X-ray generator was used for data
coliection. The crystals were placadin paratone oil as a cryo-protectant and cooled tn 120 Kiorthe diffraction experiments.
Crystals of all TTReligand complexes are isomerphous with the ape crystal form containing unit cell dimensions a=43 A,
b=85 A and ¢=65 A. They belong to the space group F2,242 and contain haif of the homotetramer in the asymmetiic unit.
Data were reduced with DENZQO and SCALEPACK.

Structure Determination and Refinement

{0208] The protein atomic coordinates for TTR from the Protein Data Banlk {accession number 1BMZ) were used as a
starting model for the refinement of native TTR and the TTR-ligand compiexes by molecular dvharmics and energy
minimization using the program CNS. Maps were calculated from diffraction data coliected on TTR crystals either soaked
with PCBs or cocrystalized simultaneously. For the complexes of TTR with the PCBs, the resulting maps revealsd
approximate positions of the ligand in both binding pockets of the TTR tetramer, with peak heights of above 5-8rm.s. In
order o further improve the small moleculs glectron density and remove the modal bias, the model was subjected 1o
saveral cycles of the warpfshake protocal, which resulted in noticeable improvement in the map, especially around the
inhibitor. Subsequent model fitting was done using these maps and the ligand molecule was placed into the density. In all
{hree cases the minimum-energy conformation of the inhibitor calculated by the program insightll (Accelrys) was in good
agreement with the map. Bacause of the two-fold crystallographic symmelry axis along the binding channel, a statistical
disorder model must be applied, giving rise to two ligand binding modes in each of the two binding sites of tetrameric TTR.
Water molecules were added based uponthe unbiased electron density map. Because ofthelack ofinterpretable electron
densities in the final map, the nine N-terminal and three C-tarminal residues were not included in the final maodel,

Example 5 Benzoxazoles as Transthyretin Amyloid Fibril inhibitors

[0207}1 Transthvretin's two thyroxine binding sites are created by ifs quaternary structural interface. The tetramercanbe
stabilized by small molecule binding to these siles, potentially providing a means {o treat TTR amyloid disease with small
moltecule drugs. Many families of compounds have been discovered whose binding stabilizes the tetrameric ground state
to & degres propartional 1o the small molesuls dissesiation canstants Ky, and Ky, This also effectively increases the
dissociative aclivation barrier and inhibits amylcidosis by kinetic stabilization. Such inhibitors are typically composed of
two aromatic rings, with one ring bearing halogen substituents and the other bearing hydroghilic substituents. Benzox-
azoles substituted with a carboxylic acid at C(4)-C(7} and a halogenated phenyl ring at C{2} alsc appeared to compiemeant
the TTR thyroxine bindingsite. Asmall iibrary of these compounds was therefore prepared by dehydrocyelization of N-acyl
amino-hydroxybenzoic acids as illustrated in Scheme 1.
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Scheme 1: General Synthesis of Benzoxazoles

[0208] Reagents: (a) ArCQOCI, THF, pyridine (Ar = Phenyl, 3 5-Diftuorophenyi, 2,8-Diffucrophenyl, 3,5-Dichiorophenyi,
2.8-Dichiorophenyl, 2-(Trifluoromethyliphenyl, and 3-(Triflunromethybiphenvl), (D) TsOHH,O, refluxing xylenes,; {¢)
TMEBCHN,, benzene, MeOH; {d) LIOH, THF, MaOH, H,0 (8-27% yield over 4 steps).

{02081 The benzoxazoles were evaluated using a series of analyses of increasing stringency. WT TTR (3.6 pM) was
incubated for 30 min {(pH 7, 37 *Cwith a test compound {7.2 pM}. Since at least one molecule of the test compound must
bind to each molecule of TTR teframer to be able to stabilize i, atest compound consentration of 7.2 nMis anly twica the
minimum effective concentration. The pH was then adjustiedic 4.4, the optimal pH for fibrilization. The amount of amyloid
formed after 72h (37 °C) inthe presence of the test compound was determined by turbidity at 400 nm andis expressedas
% Tkl formation (1}, 100% being the amount formed by TTR alone. Of the 28 compounds tested, 11 reducad fibill
formation to negligible levels (ff < 10%; FIG. 7).

{02101 The 11 most active compounds were then evaluated for their ability to bind selectively to TTR over all other
proteins in blood. Human blood plasma (TTR conce. 3.8- 5.4 uM) was incubated for 24 h with the tast compound {10.8 uM)
at 37 °C. The TTR and any bound inhibitor were immunopracipitatad using a sepharcse-oound polyclenal TTR antibody.
The TTR with or without inhibitor bound was liberated from the resin at high pH, and the inhibitor: TTR stoichiometry was
ascertained by HPLC analysis (FIG 8). Benzoxazoles with carboxylic acids in the 5- or S-position, and 2,8-dichloropheanyt
{13, 28} or 2-trifluoromethyiphenyl {11, 18} substituants at the Z-posiion displayed the highest binding steichiometries. In
particular, 20 exhibited excellent inhibitory activity and binding selectivity. Hence, its mechanism of action was char-
acterized further.

{02111 Toconfirmthat 20 inhibits TTR fibril formation by tinding strongly to the tetramer, iscthermal titration calorimetry
{ITC) and sedimentation velocity experimants were conducted with wi TTRITC showed that two equivalents of 20 bind
with average dissociation constants of K4 = Ko = 55 (= 10) nM under physiclogical conditions. These are comparableto
the dissociation constants of many other highly efficacious TTR amyloidogenesis inhibitors. Forthe sedimentation velocity
axperiments, TTR{3.6 uM)was incubated with 20 (3.6 uM, 7.2 pM, 38 pM) under eptimal fibrilization conditions (72 h, pH
4.4, 37 "Cy. The tetramer {55 kDa} was the only detectable species in solution with 20 at 7.2 or 38 oM. Some large
aggregates formed with 20 at 3.6 uM, but the TTR remaining in solution was tetrameric.

{02121 T1ioMsubunitinclusion and small motecule binding both prevent TTR amyioidformation by raising the activation
parrier forieiramer dissociation. Aninhibitor's ability to dothis is mostigorously tested by measuring its efficacy atslowing
tetramer dissociation in § M urea, a severe denaturation stress. Thus, the rates of TTR tetramer dissooigtion in8 M ureain
the presence andabsence of 20, 21 or ¥ were compared (FIG. 9). TTR{1.8 uM)was completely denatured after 168 hin6
M urea. In contrast, 20 at 3.8 pM prevanted telramer dissociation for atleast 188 h (> 3« the haif-life of TTR in human
plasma). With an equimoclar amount of 28, only 27% of TTR denatured in 168 h. Compound 27 (3.8 pM)ywas muchless able
to prevent tetramer dissociation (80% unfolding after 168 h}, even though it was active in the fibril formation assay.
Compound 21 did nothindarthe dissociation of TTR atall. These results showthatinhibiior bindingto TTRis necessary but
not sufficient 1o kinelically stabilize the TTR tetramer under strongly denaturing conditions,; i is also important that the
dissociation constants be very low {or that the off rates be very slow). Also, the display of funclional groups on 20 is
apparently optimal for stabilizing the TTR tetramer; moving the carboxylic acid from C{8) to C(7}, as in 27, orremoving the
chiorines, as in 21, severely diminishes its activity.

{02131 Therole ofthe substituents in 28 is evident from its co-crystal structure with TTR (FIG 10}, Compound 28 orients
its two chiorine atoms near halogen tinding pockets 2 and 2° (so-called because they are occupied by iodines when
thyroxine binds to TTR). The 2,8 substitution pattern on the pheny! ring forces the benzoxazole and phenyl rings out of
plananty, optimally positioningthe carboxylic acid on the benzexazoleio hydrogen bondio the e-NH, ™ groups oflys 15415,
Hydrophobic interactions between the aromatic rings of 20 and the side chains of Lau 17, Leu 110, Ser 117, and Val 121
contribute additional binding energy.
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Methods

[0214] The general procedure for benzoxazole synthesis and characterization of the preducts (1H- and 18C-NMR and
high resclution mass spectra) are detailed below.

Analytical Ultracentrifugation

{0218} The quaternary structure of TTR in the presence ¢f 20 was observed using sedimentation velocity analytical
ultracentrifugation. The samples were incubated with 20 at 3.6, 7.2 or 36 pM for 72 h. The data were collected on a
temperature-controlled Beckman XL analytical ultracentrifuge {equipped with an AnB0Ti rotor and photoelectric
scannar). A double sector cell, equipped with & 12 mm Epon centerpiece and sapphire windows, was loaded with
400-420 pl of sample using asyringe. Data were collected at rotor speeds of 3000 and 50000 rpm in continunus mode at
25°C, with astepsize of 6.005 cm emploving an average of 1 scan per point. Detectionwas carried out at 280 nm. The data
were subjected to time- aef'vats\:e analysis using the program DCDT+ developed by Fhilo (Phile, 2000, Stafford, 1592).
The analysis showed that the distribution of species in solution representad by a range of s vaiues. This distribution was

fitted to various models in order to determine the sedimentation and diffusion cce-‘f;cse'ﬁts for species in the system.
The molecuiar weight of each species was determined by methods reported previously (Petrassi, etal 2000). Thesvalues
foundfor TTR showedthatit rernainedietramericinthe presence of 7.2 and 38 M of 20, while &t 3.6 pM the TTR ramaining
in solulion was tetrameric despile the formation of some aggregate.

Crystailization and X-ray Data Collection

[0218] Crystals of wt TTR were obtained from protein solutions at 12 mg/mb (in 100 mM KCI, 1 mM EDTA, 10 mM
Sodium phosphate, and pH 7.0, .35 M ammonium sulfate) equilibrated against 2 M ammeonium suifate in hanging drop
expearimants. The TTR-20 complexwas prepared from crystals soaked for 3wk with & 10 fold molar excess oftheligand o
ensure full saturation of both binding sites. The ligand-scaked crystal diffracted upto 1.55 A ona Quantum-4 detector atthe
monochromatic high energy source of 14-BM-C, BIOCARS, Advanced Photon Source (Argonne National Laboratory).
The crystais were scakedin paratone oif ang i ash—ceclcd to 10@ ¥ forthe diffraction experiments. Crystais of the TTR-20
compiex are isomarphaus with the ape crystal form with unit celi dimensions a= 431 A 5=847 A andc=84.7 A space
group P2,2,2 with two TTR subunits in the asymmetric unit. Data were reduced with DENZO and SCALEPACK of the
HKL2000 suite. (Otwinowsid, 1987}

Structure Determination and Refinement

{02171 The protain atomic coordinates for TTR from the Protein Data Bank (accession numbsar 1BMZ) wers used as a
starting model for the motecular replacement searchaes. The refinemaent of the TTR-20 complex structure was carried out
using molecular dynamics and the energy minimization protocols of CNG. The resulting difference Fourier maps revealed
binding of the ligand in both binding pockets of the TTR tetramer. Using these maps, the ligand couid be unambiguously
placad into the density and was includad in the crystallographic refinemeant. The minimum energy conformation of the
inhibitor calculated by the program Insight I {Accelrys Inc) was used as the initial model for the crystaliograghic
refinement. Because the 2-fold crystallographic symmetry axis is along the hinding channel, a statistical disorder model
had to be applied, giving rise o two ligand binding maodes per TTR binding pocket. After several cycles of simulated
anneaaling and subsequent positional and temperature factor refinement, water molecules were placed into the difference
Fourier maps. The final cycle of map fitting was done using the unbiased weighted electron density map calculated by the
shake v’ warp bias removal protocol. The symmetry related binding conformations ofthe ligand were in good agreement
with the unbiased annealed omit maps as well as the shake n’ warp unbissed weighted maps phasedin the absence ofthe
inhibitor. Because of the fack of interpretable electron densitieg in the final map, the nine N-terminal and thres Cerminal
residues were not included in the final model. A summary of the crystallographic analysis is presentied in Table 6

Table 6: Statistics for X-ray Crystal Structure

Completeness {%) (overalliouter shell} 88790

R Overalifouter shell) 0.05/0.33

SYm {

Refinement statistics
Resolution (A) 33.02-1 55
R-factor/R-froe (%) 21174243
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{continued)

Refinement statistics

Rmsd bond fength (A} 0.03
Rmsd bond angles (°) 2.5

Other statistics

Crystal dimensions (mm)

0.3x0.2Xx0.15

Crystal system

Orthorhombic

Unit cell dimensions {g,b,cin A)

431,847, 8647

Unit cell volume {AS) 236123
Maximum rasolution {A) 1.54
Scan mode Phi
Temperature of measurement 100K
Number of independent reflections 30705

Meathod of structure sclution

Molecular replacement by EPMR {Kissinger, 1862}

Refinement against

F

obs

Refinement farget

Maximum likelihood

Program used for refinement

CNS-Solve (Brunger 1898)

Database

Protein Data Bank

Benzoxazole Synthesis- General Methods

[0218] Unless stated otherwise, all reactions were carried out in oven-dried glassware under a dry argon atmosphere
using a FirstMate Organic Synthesizer (Argonaut Technologies). All solvents (anhydrous) and reagents were purchased
from Aldrich and used without further purification. TH NMR spectra were measured at 500 MHz on a Bruker DRX-500
spactrometer or at 500 Mz on a Bruker DRX-600 spectrometer, and were referenced to internal CHD,-5(0)}-CD, (2.49
ppm). 13C spectra were performed at 125 MHz on a Bruker DRX-500 or at 150 MHz on a Bruker DRX-800 instrument and
were referenced to (C05),80 (38.5 ppm)). Thin-ayer chromatographic analyses were performed on Glass-backed thin-
layer analytical plates (Kieselgel 60 F.g,, 0.25 mm, EM Science no. 5715-7}. Visualization was accomplished using UV
absorbance or 10% phosphomolybdic acid in ethanol. Chromatography was performed on a chromatotron (Harrison
Hesearch, Model 79247, 2 mm plale) or on a preparative silica get plate (Kieselge! 80 Fyg,, 1 mm, EM Science no.
13895-7).

General Procadure for Benzoxazole Synthesis

{02187 A midure of amine hydroxybenzoic acid (0.2 mmol) in THF (3 mbL) was sequentially treated with pyridine (500 pl,
0.6 mmol) and the desired acid chiloride (0.2 mmol). The reaction mixture was stirred at ambient temperature for 10 h,
refiuxed for 1 b, concentrated in vacuo and used in the next step without purification.

[02207 p-Toluenesulfonic acid monchydrate {380.4 mg, 2.0 mmol} was addedto the crude reaction mbdure inxylenes (5
mL) and the resulting mixiure was stirred at reflux overnight. After 12 h, the reaction was cooled to ambient temperatiire,
quenchedwith NaCH (2 mL, 1 N} and the phases were separaled. The agueous layer was acidified with HCH{ I N} to pH 2
and extracted with E1OAc {4 « 3 mlL). The combinad organic tayers were dried over MgSQy, filtared and concentrated in
vacuo. The resulting residue was dissolved in a mixture of MeOH:Benzene (2 mL,; 1.4}, reated with TMS-CHN, (200 L of
2.0 Msclutionin hexanes, 0.4 mmol) at 25 °C and the reaction progress was monitored by TLC {usually complete after 0.5
h). The reaction mixture was concentrataed in vacuo, and the residus was chromatographed (10 to 25% EIOAC hexanes
gradient) to afford the desired benzoxazole methyl ester.

{0221] The benzoxazole methyl ester was dissolved in a mixture of THF:MeOHH,O (3:1:1, 0.07 M) and freated with
LIOH H,O (4 equiv). The reaction was stirred atambient temperature and monitored by TLC. Upon completion, the mixture
was acidified e pH 2 with 1 N HOl and extracted with EtOCAc (4 X). The combined organiclayers were dried aver MgS0O,,
filtered and concentrated. The residue was purified by preparative thin layer chromatography (4.8% MeOH, 85% CH,Cl,,
0.1%% HOAC) to give the product as a white solid.
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{0222} 4-Carboxy-2-(3,5-diflucrophanyli-benzoxazole (1). Preparad from 3-hydroxvanthianilic acid according to the
general procedure, to afford 1 as a white solid (7.0 mg, 13%). Datafor 1. TH NMR (500 MHz, DMSO-dg} 5 13.70-12.50 (br.
g, 1H, CO,H)}, 8.04 (AMX, 1H, J=8.1Hz, Ar), 7.94 (AMX 1H, J=7 3Hz, Ar}, 7. 84 (br. d 2H, J=5.6 Hz, Ar), 7.62-7.58 (m, 1H,
An, 7 B6{AMX, 1H, J=7.3, 8.1 Hz, Ar); 13C NMR (125 MHz, DMSO- c*a,b 165.8, 162, i(c* J=248Hz), 182.6(d, J= 248 Hz),
16811, 181.0, 140.3, 12\5.3, 1270, 125.8, 123.6, 115.2, 110.8 (d, J= 28 Hz), 107.8 (¢, J= 26 Hz), HRMS (.\:’IA_D. FTMS)
calcd. for ©, H,F,NO, (MH*) 2768.0467 found 276 0463
{02231 4-Carboxy-2-{2,8-diflucrophenyi}-benzoxazole (2). Preparedfrom 3-hydroxyanihranilic acid according to the
general procedure, to afford 2 as a white solid (8.2 mg, 15%). Data for 2 1+ NMR (500 Mz, DMSC-d5) 8 13.00 (br s, 1H,
CO,H), BOG(AMX, 1H, J=8 7 Hz Ar), 7. 94 (AMX 1K, J=7.8Hz, An), 7 80-7.74 (m, TH An, 757 (AMX 1H, /=76 8.1 Hz,
Ar), 7.40-7 .38 (m, ZH, A'\' 13C NMR (125 MHz, DMSO-dg) [T 186.1, 180.4 (d, J= 258 Hz), 1680.3 (d, J= 256 Hz), 154.9,
150.8,139.6,134.7 (1, J=10Hz), 126.8, 1258, 114.8, 112.8(d, J=22 Hz}, 1052 (1, J= 16 Hz), HRMS (MALDI-FTMS) caled.
for Cy g HoFaNO, (MHT ) 276.0487, found 278.0481.
{0224] 4-Carboxy-2- {(3~tnfiucmmethyi)phenyi} -benzoxazole (3). Frepared from 3-hydroxyanthranilic acid accord-
ing to the general procedure, to afford 3 as a white solid (2.5 mg, 15 %). Data for 3; 1H NNR (500 MHz, DMSO-dg) 8
13.70-12.80 (or s, 1H, CO,H), 8 50 {ABX 1H, J=7 8 Hz, Ar}, 8.43 (s, TH, Ar), 8.08 (AMX 1H, J=8 THz, Ar), 8.03 (ABX, 1H,
J=8 4 Hz Ary, 7.84 (AMX, 1H, J=7 8 Hz, Ar), 7. 88 (ABX, 1H, /=7 8 Mz, Ar}, 7*4/19\?\/‘)(, Hak J 8.4 Hz, Ay IBC NMR (125
MHz, DMSO- dé)é 165 3, 161.9, 151.0, 140.8, 131.4, 130.8,130.0 {g, J= 33 Hz}, 1287 (d, J=4 Hz}, 1272, 127.0, 125.5,
123.8, 1237 (g, J= 273 Hz), 1)5?, 118.2; '"H-Ql\f‘s {(MALDI-FTMS) calod. for TyaHgFNOy (MH) 308.0529, found
308 0535,
{0225] 4-Carboxy-2-[{2-triflucromethyliphenyil-benzoxazole {4). Freparad from 3-hydroxyanthranilic acid accord-
ingtothe general procedure, 1o affordé&asawhs*eaehdﬂb 2mq 25%) Datafo 4 riN'\/lQ OO M!—-z D":’lQO d )M“ ‘=."
J=0.9, 7.9 Hz, Ar), 7.94-7.87 {m 24, Ar}, 7,58 (ﬁ\:’l}(, EH u~8,4,iz Ar), C NP\/‘R /1'"0 MHz D,'\Acﬂ dﬁ, é ,65 8, 161,0
151.2,140.0,133.0,132.8,132.3, 127 8 {(q, J=32Hz), 127.2(q, =€ Hz}, 127.0, 12558, 124.6, 123.5 123 .4 (g, /=273 Hz),
115.2; HRMS (MALDE-FTMS) calod. for CygHgF NGO, (MH™) 308.0529, found 308.0531.
{0228] 4-Carboxy-2-(3,5-dichiorophenyi}-banzoxazole {8}, Prapared from 3-hydroxyanthranilic acid according 1o
the general procedure, to afford 5 as a white solid (8.0 mg, 13%). Data for §: TH NMR (800 MMz, DMSO-dg) § 13.60-12.60
{br.s, 1H, CO,H), 816 (AM, 2H J=2.0 Hz, Ar), 8.05 (AMX1H, J= 0.9, 8.2 Hz, Ar), 7. 86 {AM, 1H, J=2.0Hz Ar}, 7.64
(AMX, TH, J= 0.9, 7.8 Hz, An), 7 56 (AMX, 1H, J= 7.9 Hz, Ar); 13C NMR (150 MHz, DMSO-dg) § 185.8, 180.8, 51.0, 140.4
135.2, 1315, 128 4127 0, 126.3, 125. 9, 125.8, 123.8, 115.2; HRMS (MALDI-FTMS) caled. for G4 H,CILNO, (Mi*,
307.9878, found 307 9878
{02271 4-Carboxy-2-{2,6-dichlorophenyll-benzoxazole {6}, Prepared from 3-hydroxyanthranilic acid according 1o
the general procedure, 1o afford 8 as a while solid (5.2 mg, 8%). Data for 6: 1H NMR {800 Mz, DMSO-dg) 6 13.80-12.50
{br.a, 1M, CO.H), 8.07{AMX 1H,/=82Hz An, 785 [AMX 1H /=70 Hz Ar), 7.77-7 71 (m, 3H Ar}, 7. 58 (AMX, 1H, J=
7.8, 8.2 Hz, Ary; 18C NMR {150 MHz, DMSO-dg) § 165.8, 158.2, 150.8, 138.3, 134.8, 134.0, 128.7, 126.8, 126.7, 125.9,
122.4; HRMS (MALDI-FTMS) caled, for C4H,CLNG, (MHT) 307 8876, found 307.8880
{0228} 4-Carboxy-Z-phenyi-benzoxazole (7). Prepared from 3-hydrexyanthrantic acid according 1o the general
procedure, to afford 7 as a white solid (10.2 mg, 21%). Data for 7: 1H NMR (800 MHz, DMSO-dg) 8 13.50-12.60 (br.
8, 1H, 0, H), 8.24-8. 22 (m, 2H, Ar), 8 03{AMX 1H, #=0.9, 8.2 Hz, A, 7.91(AMX, 1H, J=0.9,7 8 Hz Ar}), 7 8&-7 61 (m, 3H,
Ar) 7.51 (AMX, 1H, J=7.9,8.2 Hz, A, 15C NMR {150 MHz, DMSC-dg) 8 168.0, 163.4, 151.0, 140.8, 132.4,129.4, 127 .8,
128.7, 126.1, 125.0, 123.0, 115.0, HRMS (MALDI-FTMS) caicd. for Cy  HeNC, (MHT) 240.0655, found 240.0656.
{02291 5-Carboxy-2-(3,5-diflucrophenyi}-benzoxazole {8). Prepared from 3-amino-4-hydroxybenzoic acid accord-
ing to the general procedure, to afford 8 as a white solid {10.2 mg, 19%). Date for & H NMR (800 MHz, DMS0-dg) 5
13.60-12.80 (br. g, 14, COLH), 832 (ABM 1H, J=1.5Hz, Ar), 8.07 (ABM, 1H, J=1.5 8.5 Hz, Ar), 7.90 (ABM, 1H, J=8.5Hz,
Ar), 7.86-7.85 (m, 2H, Ar), 7.80 (it, 1H, y=2.4, 8.2 Hz, Ar); 13C NMR (150 MHz, DMSO-d;} § 166.8, 162.8 (d, J= 248 Hz),
182.7(d, /=248 Hz), 161.5,153.0,141.2, 1291 (t, J=11Hz}, 1282 127.7,121.4,111.2, 110.8(d, J=23Hz), 110.7{d, /=22
Hz), 107.8 {1, J= 28 Hz); HRM% (MALDI-FTMS) caled. for Cy JH F,NO, (MH* \2/‘3 0487 found 278.0488.
{0230} S5-Carboxy-2-(2,8-diflucrophenyii-benzoxazole {8). Prepared from 3-amino-4-hydroxybenzoic acid accord-
ing to the general procedure, 1o afford 8 as a white solid (6.8 mg, 12%). Data for 9: TH NMR (800 MHz, DM3C-dg) 8
13.50-12.80 {br s, 1H, TO,H), 8.38 (ABM, 1H, J=0.7, 1.6 Hz, Ar), 8 10{ABM, 1H, J=1.8,87 Hz, Ar), 7.95 (ABM, 1H, J=
0.7,87 Mz, A, 7.77 {m, 1H, Ar), 7.4C{t, 2H, J= 8 8 Hz, Ar); 13C NMR (150 MHz, DMSO- d6)6166 8, 160.4 (d, J=257 Hz),
160.3 (d, =257 Hz), 155.4, 152.6, 140.8, 134 .6 (1, y=11 Hz), 128.2, 127.7 121.6, 113.0(d, J=22 Hz}, 112.8 (d, J= 22 Hz),
111.2, 164.8; HRMS (MALDI-FTMS) caicd for Cyq My F NGy (MH*) 276, 0467 found 27;3 0487,
{02311 &-Carboxy-2-{{3triflucromethyiiphenyi}- benzoxamie {10}, Preparad from 3-aminc-4-hydroxybenzoic acid
accordingtothe general procedurs, to afferd 10as awhite sclid (8.7 myg, 119%:). Datafor 10: THNMR (500 MHz, DMSO- dg}d
13 30-12.80(br. s, 1M, COLH), 861 {ABXK, 1H, J=7 8Hz Ar}, €.45(s 1M Ar), 8 35 (ABM 1M, J=1.7Hz Ar), 8 08 {ABM, 1H,
=1.7,88Hz, A, 804 (ABX, 1H, J= 7.8 Hz, Ar), 7. 93 (ABM, 1H, J=86Hz, Ar), 7 ¢ 9(/\@(, 1H, J= 7.8 Hz, Ary, T30 NMR
’12'" Mz, DMSO-dg) 3 166.8, 162.2, 153.1, 141.4,131.4,130.9, 1301 (g, J=33 Hz), 128.8,128.2,127.5,127.1,123.8 (g,
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J= 4 Hz), 1237 {a, J= 273 Hz), 121.3, 111.2; HRMS (MALDLFTMS) caled. for Gy ghaFaNOG,y (MHY) 308.0529, found
308.0530.

[0232] S-Carboxy-2-{{2-triflucromethyliphenyil-benzoxazole {11). Prepared from 3-aminc-4-hydroxybenzoic acid
acoordingto the general procedure, to afford 11 as awhite solid {10.3 mg, 17%:). Data for 11 TH NMR (300 MHz, DMS(O-dg)
81319 (br. s, 1H, CO.H), 8.38{m, TH, A, 818 (d, TH, J=7.8Hz, Ar), 8.09 (dd, 1H,/=1.8,85Hz A, 8.03(d, 1H, /=79
Hz, Ar), 7.94-7.88 (m, 3H, Ar); 13C NMR (150 MHz, DMSC-dg) 5 166.8, 161.6, 153.2, 141.1, 133.1, 132.5, 132.4, 128.2,
127.6,127.5(g, J=32Hz), 127 2 (g, J=8Hz), 124.7,123.4 (g, J=274 Hz}, 121.6, 111.2; HRMS (MALDI-FTMS} calcd. for
CigHaF NGO, (MH™) 308.0528, found 308.0531.

{0233} 5-Carboxy-2-(3,5-dichiorophenyli-benzoxazole (12). Prepared from 3-aminn-4-hydroxybenzoic acid accord-
ing to the general procedure, toafford 12 as awhite solid (7.3 mg, 12%). Datafor 12: 1HNMR (600 MHz, DMS0-dg)513.14
{br.s, TH, CO,H), 8 33 (AMX, TH, U= 0.8, 1.8 Hz, Ar), 8 168 (AM, 2H, J=1.8Hz, A}, B 08{AMX, 1H, J=1.8 8.5Hz Ar), 7. 85
(AM 1H; J= 1.8 Hz, Ar), 7.91 (AMX, 1H, J= 0.8, 8.5 Hz, Ar); 13C NMR {150 MMz, DMSO-dg) § 166.7, 161.1, 153.0, 141.3,
135.2,131.6,1260.2, 1282, 127.7, 125.9, 121.4, 111.3; HRMS (MALDI-FTME) caled. for C,4H,CILNC, (MH*Y) 307 9876,
found 307.9879.

{0234 B-Larboxy-2-{2,6-dichiorophenyii-benzoxazole (13). Prepared from 3-amino-4-hydroxybenzoic acid accard-
ing to the general procadure, to afford 13 as g white solid (10.8 mg, 18%). Data for 13: TH NMR (800 MHz, DMSO-dg) 5
13.08 (br. s, 1H, CO,H), 843 (AMX, 1H, J=0.8, 1.8 Hz, Ar), 8113 (AMX, 1H, J=1.8, 8.5 Hz, Ar), 7.98 (AMX, 1H, J=0.6,85
Hz, Ary, 7.77-7.72 (m, 3H, Ar); 13C NMR (150 MHz, DMSC-dg) § 186.7, 158.6, 152.8, 140.4, 134.8, 134.2, 128.8, 128.4,
127.8, 126.2, 121.8, 111.5; HRMS (MALDIFTMS) caled. for C H;CILNO, (MHT) 307.9876, found 307.8878.

{0235] S5-Carboxy-2-phenyi-benzoxazole {14). Prepared from 3-amino-4-hvdroxybenzoic acid according to the
general procedure, o afford 14 as a white solid (11.5 mg, 24%). Data for 14: *H NMR (800 MHz, DMSO-dg) 5 13.12
{br s, 1H, CO,H), 8.30 (ABX, 1H, J=1.8 Hz, Ar}, 8. 20 (dt, 2H, J= 1.5, 6.7 Hz, Ar}, 8.03 (ABX, 1H, J=1.8,85Hz, A, 7.87
(ABX, TH, J=8.5 Mz, Ar), 7.67-7.60 (m, 3H, Ar}; 13C NMR (150 MHz, DMSO-dg) §188.8, 163.6, 153.0, 141.5,132.4, 128 4,
127.9,127.5,127.0, 126.0, 121.0, 111.0, HRMS (MALDI-FTMS) caled. for C; jHoNO, (MH*} 240.0655, found 240.0656.
[0238] &-Carboxy-2-3,8-diftuorophenyil}-benzoxazole {18} Prepared from 4-amino-3-hydroxybenzoic acid accord-
ing to the general procedure, to afford 15 as a white solid (10.3 mg, 18%). Data for 18: TH NMR (800 Mz, DMSO-dg) 8
13.22 {br.s, 1H, CO,H), 8.20{ABM, 1M, J=15Hz Ar), 798 (ABM 1M, J=15 82Hz Ar), 7.868 (ABM, 1M, J=82Hz Arj,
7.79-7.78{(m, 2H, Ar), 7.57 (i, TH, J= 2.4, 8.4 Hz, Ar); 18C NMR (150 MHz, DMSO-dg) 5 166.7, 162.7 (d, /=248 Hz), 162.6
(d, S=248Hz), 182.4,150.0,144.7 1280, J= 11 Hz), 128.7,128.5,120.0, 112.1, 110.8 (¢, J= 23 Hz), 110.8(d, /=22 Hz),
108.0 (t J= 26 Hz);, HRMS (MALDI-FTMS) caled. Tor Cq H7F,NO5 (MHT) 276.0467, found 276.0488.

j0237] &-Carboxy-2-{2,6-difluorophenyll-benzoxazole {18}, Freparad from 4-amino-3-hydroxybenzoic acid accord-
ing to the general procedure, to afford 46 as awhite solid (8.5 mg, 15%). Datafor 18: 1THNMR (600 MHz, DMS0-dg) 5 13.25
{br.s, TH, CO,H), 830 (ABM 1H, J=0.6, 1.5 Hz, Ar), B.04 (ABM, 1H,y=1.5,8.2Hz, Ar}, 7.9 (ABM, 1H, J=0.8 8.2Hz, Ar),
7.768{m, 1H, A}, 7.38{, 2H, J=8.8 Mz, Ar}; BBC NMR {150 Mz, DMSO-dg) 8 166.7, 160.4 (d, 4= 257 Hz), 160.3(d, J=257
Hz), 156.6 1497 144 2 134 91, J=11Hz), 128.8, 126 4 1201, 113.14, 112.6, 112.2 (4, J=5Hz), 105.0 (1, J=16Hz), HRMS
{(MALDI-FTMS) caled. for CH,F,NO L (MHT) 276 0487, found 276.0466

{0238} &-Carboxy-2-{{3-triflucromethyiiphenyil-benzoxazole {17). Prepared from 4-amino-3-hydraxybenzoic acid
accordingto the general procedure, to afford 17 as a white solid (7.4 mg, 12%). Data for 17: THNMR (600 MHz, DMSO-dg)
813.20 (br.s, 1H, CO,H), 8 48{ABX, 1H, /=7 8Hz, Ar}, 8.41 (s, TH, Ar}, 8.28 (ABM, 1H, J=15Hz, An), 8 03 (ABX, 1H, 4=
7.9Hz, Ar), 8.02(ABM, 1H, J=1.5,8.2 Hz, A, 7.90(ABM, 1H, J=8.2Hz, Ar), 7.88 (ABX, 1H, J=7.8Hz, Ar); 13C NMR {150
MHz, DMS0-dg) 6 168.0, 164.6, 151.4,146.2, 132.8, 132 2, 131 .4 (g, J=32 Mz}, 130.2,128.8, 128 4, 127.8, 1252, 1250
(g, J= 272 Hz), 121.2, 113.8; HRMS (MALDI-FTMS) caled. for CygHgFaNC, (ME™) 308.0528, found 308.0530. HRMS
{(MALDI-FTMS) caled. for CgHaFaNOy (MHT) 308 0529, found 308.0531

{0239} &-Carboxy-2-{{2-triflucromethyliphenyil-benzoxazole (18). Frepared from 4amino-3-hydroxybenzoic acid
accordingtothe general procediire, to afford 18 as awhite solid (6.8 mg, 11%). Datafor 18: THNMR (600 MHz, DMSO-d;} 8
13.22{br. s, 1H, CO,H), B30 (ABX, 1H, J=06,1.5Hz, Ar}, 8.20(d, TH, /=7 3 Hz, Ar), 8. 06 (ABX, 1H, J=1.5 8.2 Hz Ar),
8.04(d, 1M, J=7.9Hz, Ar), 7.98 (ABX, 1H, J=0.8, 8.2Hz, Ar), 7. 84 {1, 1H, J=7.3Hz, Ar}, 7.90 (4, 1H, J=7 .9 Hz, Ar); 1°C NMR
{150 MHz, DMSO-d;)5188.0, 1684.0, 1515, 145.8,133.8, 130.0, 128.0{q, J=32Hz)}, 1286 (g, J=6), 127.7,126,0, 1247
(g, J= 273 Hz), 121.6, 113.6; HRMS (MALDI-FTMS) caled. for C gHgFsNO, (MH*Y) 308.0529, found 308.0530.

{02401 8-Carboxy-2-{3,5dichiorophenyli-benzoxazole (19). Prepared from 4-amino-3-hydroxybenzoic acid accard-
ing to the general procedure, to afford 18 as awhite salid (5.0 mg, 10%). Datafor 19: THNMR (500 MHz, DME0-dg)513.20
{br.s, 1H, CO,H}, 817 (ABX, 1H, J=0.6, 1.5 Hz, Ar), 8.00 (AB 1TH, /=20 Mz, Ar), 7.96 (ABX, 1M, J=15 85Hz A, 7.83
(AB, TH, J=2.0 Hz, Ar), 7.82(ABX, 1H, J=0.8, 8 5 Hz, Ar); 13C NMR (150 MHz, DMSO-dg) & 166.5, 161.9, 150.0, 144.8,
1351, 1318, 1280, 1287, 126 4, 1258, 118 8, 112 1; HRMS (MALDI-FTMS) caled. for O H,CLING, (MH*Y) 307.9878,
found 307 8879,

{0241} 6-Carboxy-2-(2,8-dichlorophe2nyil-benzoxazole {20). Preparad from 4-amino-3-hydroxybenzcic acid ac-
cordingtothe general procedure, to afferd 20 as awhite solid (12.7 mg, 21%). Datafor 20: THNMR (500 MHz, DMSO-dgi b
13.27{br.s, 1H, COLMY, B8 (ARX, 1H, J=0.5, 1.5Hz, Ar), B.08 (ABX, TH,J=1.5 8.3Hz, Ar}, 8.02(ABX, 1H,y=8.3, 0.5Hg,

47



5

RSH

o

o
L

DK/EP 1587821 T6

Ar‘,,?.?& W7 i BH, Ar) PONMB {125 MHz, DMBO-d, 11 166 8, 159.8, 150.0,143.8, 1348, 13438 Q 11388, 1364,
13831 :}4‘ 12§ HRIMS (MALDE -FTRME) salcd. for CMHC%EN(}:‘ {RhAHY 307 9878, &:mm:i 3T .e87
0242]  S-Lurboxy-Z-phenyibenzoxgzole {21 Prepared from 4-aming-3-hydroxyhenzoie anid acsammg o the
general procedure, 1o afford 21 & & white solid {7.0 mg. 15%) Dala for 28 TH NMR G0 MHa, DMSO-3 5§ 1348
{br.s TH COLHE 827 {80 H JROOHE AN B8R 22 (M 2H ArL 8.0 88, THL = 1.5, 8.8He, AnL TES{d THJSREHE,
Ary, 7.5 7520, 3R, Ary VO NMRUIBO MMz, DMSO- 16 188.8, 1847, 150.0, 148,32 1338, 1204, 138.0, 1276, 128.3,
12388, 1188 1Ay %RMS ’&*A{.D m*‘“i‘%\?i%} calcd. for ©, 4“},}\% 5 SRR 4{}{}535‘ foung 2400855,
02437 ¥-Larboxy-2~{3, 5-difuoroghenyi}-benzoxarale {233 Prepared fram J-aminosalicylic acld secording fo the
weneral procedurs, i affond 23 as gwhite solid (8.8 mg, 18%). Data for 237 TH NMR (800 MMz, DMB0-d ¢ 13.55{br. s,
COH, B IARME TH =12, 7. 8He AL 7 37 (AR, TH, U= 1.2, 7 8Hz AN 7 BA7. 78 {m 3 Ar), 78311 1H, =24, 8.2
Ha AL 7 mA MR, TH, = T8, Ar‘ & ‘C NRMR (T MMz, {:»h-\o«“ 35164 8, 183, 8(d, & 248 Ha) 182.8{d. &~ 248 Hz&
1908 1482, 2.6, 12021280, 1252, 134.8, et 110 id J= “5‘8 Haj, W07.7 (g 3= 28 He) HRMS i?\:‘iﬁ%ﬁ.&»?‘i‘\?
caled, for © ML Fo NG, (MHY 278, {}am found 378, &4\@‘3
faz44] ~t§arhaxy~2-\~,§-\iifinm ophargd-benzaxazole {231 Prepared from 3-aminusalioylic add according o the
general procedurs, to afford 23 as awhite sulid {7 3mg. 13%). Data for 23: THKMR (600 MHz, DMSO-dg)8 13,
\,SJ-*‘» a 15{&8& TH, J= 1.2, 83 Hz, An, BO0 {ABX, 1H, J= {2 T8 He A, “*"*an.- 1H, Ary, 75T A _
Hz, Arl, 740 1 2H, = 885 He, &7} 30 NMR (180 MHz, DM30O-d;) 4 184 8, 1604 {d, J= 25&3 Haz), 18673 {d, J= 287 He),
154.3, 148.8, 142, 1, 1348 J= 10 HZL 12801381 1380, ‘m(} AL =32 HeL 128G, =T HEL 1GB 1 {LJ=
Hzy HRRS (MALDLFTMS) oalod. for O, (HLF NG, (MHP ) 378.0487, found 274 48 .
2457  7-Carboxy-3-[{{(3-trifluoramethyiiphenyil-Benzoxszols {34). Preparad from Saminosalicyiic acis acoording
inthe genaral procedure, o alford 34 as awhite solid{7. E‘;‘mg 13%:;). Date for 24: THNMR {800 &‘Ha DMSO-d: 151351 (b
8, OOLH}, 848 (ABX, 1H, J=8 FHz, A7), 8.40{s, TH A B0 {AMX 1H J= 1 57812, A0 80 {iMX 1H, 35 7.8 He, ATy,
TER AR, H, =R T.eHg ANT %{APX, THE TS He, AN TS (AMX IH,J=7.9, 7.6 He, Ary RO NMR {150 MHz,
m&mm RS 1&»- IS T AR 3 T, T3, T30 1300 (g S 32 ML 128 84, =3 Ha), 1277, 1272, 125.0, 1248,
1237 {n, =272 H:f. ,2&5, 8.0 HRMS ;&%Ati‘iw."“s“?@i Y oalod. for G;;-HQF NG (MHT) 308.082%, fond 308.0832.
[248] 7-Larboxy-I-[{2-rifluoromethyliphenyii-enzoxazois {35}, Preparag from I-aminosalicyiin acid acconiing
o the general procedurs, tcsaﬁ‘ﬂfd 2has gvhite solid 138 g, ,Z,. n‘; Dadafor 25 "H NMR (800 WMz, DMSG~4:13 1348
*Qf 5, TH, QO 818 i tH, =7 .8 Ha, Ary 8.4 *e'r’\ﬁ’”( tH, =18 T O HE AR 803 {d, TH, 7.8 Hz, Ay 7 B8 (AMKX, 1H,
=12, FTHHzZ AN T IR T3 Ha &, 7.85, 1 =7 »:’:SHa s\; TEB{AMN, TH, J= 7 8 Hz, &) 00 NMR (188 MHz,
T i@&-d@{s‘it}%b 4, 1483, 1434, 1330, 1324, 13321278 3 T8 T g S e Hel 1350, 1348, 134 (g &
T3 Heh ME.2 HREA ?Ss!\?%:}w TME) cxded fo;'\,\csHtFué{} e«.fiH’* JNR.A528, found ‘%BQ 5:%4
047} ¥-Larboxy-3-{3. 5-dichiorophenyil-benzoxazale {28). Prapared from 3-aminosalinglic acld according o the
generaf procedura, ko afford 28 as & whife solid 7.0 myg, 1135} Dada for 28 TH NMR (800 MHs, DMB0-14 14.00-12.80
{or. 8, GO, 8.10-3.08 {m, 3H, Ar), T.88-7.96 (m, 3H, Arp, 7.55 (0 1 Jd=7.8 He &), PO NMR {15 W%\‘%Hz DRMEG-dgya
164.5, 180.6, 1432, 1428, 1352, 1315, 1284, 1260, 1258, 12582, 1248, 116.2 HRMS iM%hi}ini‘T‘@}qs calord. for
Oy HOLNG, (M) 307 B87S, Tound 307 9874,
{#32431 ?ncgrbsxy 2-{2 §-dichiorophenyli-benzoxazole {37} Freparad from 3-aminosalicylin scld acoording to the
general procedure, to afford 37 as a white sclid (10.3 mg, 17%). Datafor 3F TH 8ME (B00 MMz, D304 8 13801310
s, GO BB (AMK, TH, J= 7.9 HE Ar), & C,?,c&?v‘i‘{ THET S, AT TR T2 3 AN ﬁamm,\ 1R, JS=F 3Hz,
Ark 0 NMR (150 s DRSO 18 1844, 18831481, 1417, 1348, 1343, 128.8, 1283, 128,58, 1253, 1288 118.2;
HRMS {RALDLFTRS caled. for & ‘*1 sHP LGNGO, (MHT) S07.9876, found 307 2874,
[a248)  7-Qarboxy-2-phenyh-benzoxazol {23} Prepared from 3-aminosalicylic ackd accurding to e general proce-
shure, o afford 28 as 8 while solid (13,1 mg, 27%). Data for 28; 1HNMR '&s“}ﬁ Mz, DMSG-. 5 1348 (v s, 1M, ClH),
5.20-8.18 fm, M, Arp, BOS {AMX, TH, =12, T8 He AN, 7.2 (AR TH, J= 1.2, 7.8 He, Ar), 7 867 82 {m, 3K, Anp 7.80
{(ARN IR, =79 Hy, Ary TR0 NMR (150 MHz, DMSO-d; 8 164 84631, 1453, 92,8, 132.2, 1394 137 4. 137.2, 1280,
1247, 124.9, 115.8; HRMS {MAL iF%w%bmais;ci for CiathJzii‘\H 1 2841 G858, found 240 0656,

ﬁ‘!

-
2.
2

$3



10

15

20

25

DK/EP 1587821 T6

BEGRANSEDE PATENTKRAV

1. Forbindelse 6-carboxy-2-(3,5-dichlorphenyl)-benzoxazol, eller et farmaceutisk

acceptabelt salt deraf.

2. Anvendelse af 6-carboxy-2-(3,5-dichlorphenyl)-benzoxazol, eller et farmaceu-
tisk acceptabelt salt deraf, til fremstilling af et leegemiddel til behandling af transthyretin-

amyloidsygdom.

3. Forbindelse 6-carboxy-2-(3,5-dichlorphenyl)-benzoxazol, eller et farmaceutisk

acceptabelt salt deraf, til behandling af transthyretin-amyloidsygdom.

4. Forbindelse ifslge krav 1, hvor forbindelsen anvendes ifalge krav 3, eller an-

vendelse ifglge krav 2, hvor det farmaceutisk acceptable salt er N-methyl-D-glucamin.

5. Farmaceutisk sammensastning omfattende en forbindelse ifglge krav 1 eller

krav 4, og en farmaceutisk acceptabel beerer.

6. Farmaceutisk sammensaetning ifglge krav 5, hvor den farmaceutiske sammen-

saetning er formuleret til enkeltdosisindgivelse.

7. Anvendelse ifglge krav 2 eller krav 4, hvor transthyretin-amyloidsygdommen er
familizer amyloid polyneuropati, familizer amyloid cardiomyopati, senil systemisk amylo-

idose eller cardizer amyloidose efter levertransplantation.
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