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This inbEin Rigks S hahabcRfabxRGRelion:) Thperticdat aicighbotat
least the upper part of the gastr.oi te?tlnal tract .
exclusigplyeit redatesrin &rmanaiion steeips o stahi @5183’@@ prapolagiegliyvsactive
. . @E§i ' b&sippkdi ¢ environnment of the
mgredlg}titgﬁg . %{%ﬁcagg%%{%ﬁlw ty usually results in
aci d-nedi ated hydrolysis of the agent. It is known to
rovi de conpositions containing

su .. .
For maﬁy ehampcelesiFally-active pgonipeths GER f@twﬁcﬂﬁ"%?té%‘% fq Ryeferred.
Howev%glzi‘{l/ bl {}\)ﬁlbtcﬁﬂ BefOR e HERNBERkdn GOIMR HhE@E, tdy g di C

I's substantially uncharged and .
usuallyi besapoded o the cowwntp bf {tileast the HpRen pars pHhg gesfroitgstinal tract (ie.
Loni sedy and.nmr lsftRo B alitl U Sirdrimeit o
Smma%‘fgg ygal rrﬁsg{{%h (;%egtrgrﬂgl%ggllﬁ%%ss %}llsn ey’ %h e-Conpound | AO| ”
stomadh?\Butlgsenbieivityhsually regultstin acitlumaliated o ysisdof| tee agent. It is
knowngtgf ;%%%g@g%%%%éﬁgﬁ%%& gfr?(%ﬁgaqﬁr-sensitive agents with an
enteric%h%%ﬂ. GS&JOBH hboeﬂigglrg%xedlgﬁ nyfrisesdn Hﬁ%di‘spcldmﬁa vapeinisi c
aci d). nmpoung and a serjes re conpounds
substagfialy SERFFBEUY HEOIRY T KPP Ry D ETHIDy O Eoed B4 Sor
solubld &GEMNePHA vatubs q?.é.r 34 $adbaaE idtd theVall @Regie). . Such
conpounds shoul d be useful in the treatnent or
prevention of a disease associated with netabolic
~dysfunction or ich i s _dependent upon the expression
The cogfpoynd ﬂ"ihB‘GB% ﬂyﬁ%ﬁ?‘ﬁl@g (mf'ﬁ"-%?'eg ul at ed gene. Such
di seases include, for exanple, obesity,
hyper chol esterol em a, atheroscl erosis, cardiac
arrhyt hm as,y depr essi on, &steoporosis,
hypot hyroi dijsm goitreg, tHyroid cancer as well as
gl aucoma a+1d gest T fald ured I n conducting
fornul ati on de pirent wi tf conppound 1A, the
present i nygsu A ynfo thal an
undesi rabl e trangfornmati on wasHt aki ng place in the
conpound. A reacH on product containing a nitro
(-NO2) group at the position ortho to the hydroxyl
group on the phenolic ring (i.e. the left-hand ring
as set out above) wa ' roduced. On
i nvestigation, it m?cpﬁo%ﬂn’g‘dﬂh}&at this reaction
product had altered properties conpared to the

non-transfornmed conpound 1A, including, surprisingly,
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of a triiedotigenine Folregmgsadasne. Juwhgiseases inghydayfor exgmplecehepify, ,
fl avonoi d conmpounds are ¢hpable of inhibiting the
nitration of tyrosine, or the formation of base
deam nation products from DNA bases, which occur
under acidic conditions in the presence of nitrite.
The nitration of hydroxyphenyl acetic acid and
proteins in the presence of nitrite and hydrogen
peroxide in human saliva in vitro has been shown to




X is oxygen (-0-), sulphur (-S-), carbonyl (-CO),

nmet hyl ene (-CH2-), or -NH R2 and R3 are the
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i s hydrogen or lower alkyl; A is oxygen (-0-
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base ddayilia0ige Pioducts from DNA bases, which occur under acidic condmons in the

presence of nitrite. The nitration of hydroxyphenylacetic acid and proteins in the presence
of nitrite and hydrogen peroxide in human saliva in vitro has been shown to be capable of
inhibition by a reductant species (Takahama et al. Arch. Oral Biol. 2003, 48, 679). These
disclosures. do not allow the skilled person to predict, however, whether such nitration
reactions may occur in other compounds, such as the structurally distinct thyroid hormone
receptor agonists exemplified by compound 1A. In addition, they give no indication that
such reactions may be of iﬁ vivo significance, and no suggestion as to predicting the

potential properties (e.g. genotoxicity) of such nitrated reaction products.

The prior art does not disclose or suggest that thyroid hormone receptor-binding
compounds such as compound 1A above can be converted to potentially toxic reaction
products on oral administration, nor how such a conversion may occur, nor how such a

problem may be addressed.



R4 is hydrogen or |ower alkyl; Ais oxygen (-0-),
net hyl ene (-CH2-), -CONR5-, -NR5-, or -NR5CO-; R5 is
H or lower alkyl; R6 is carboxylic acid, or an ester

wo merembzs or a prodrug thereof; Y is -(CH2) npcweesod76u26ss
is 0, 1, 2, 3, 4 or 5 and wherein one or nore of the
CH2 groups may optionally be substituted with

hal o i swhi ch e cis or trans
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which %J%bv@ﬁ@y@mqam%@n of cé@ﬂaﬁ.qaﬁwmané RegROYiRdiSy t he
free phenol structure (wherein R7 = H); or a
compqyRds fvHewinpgiosl pfimpinisiation sttenustedt or ester thereof;
(ii) at least one antioxidant; and (iii) at |east one
phar maceuti cal | y-accept abl e excipient According to a
Accor&ﬁ%l&da ﬁ%@%ﬁ&ot of R pPeskrt ilVeRANdLiiHvide COPMARARE @t§np031t10n
I ned above al so conprising a pharnacol ogically
suitablgder ojdl admimigteptiontcogprigiaged from hypol i pi daenic
agents, antidi abetic agents, antidepressants, bone
resorption inhibitors, appetite suppressants and/or
| - QhRsipbin@eanguladccording to a fourth aspect,
there is provided a nethod of stabilising a ph
i maceuti cal conposition suitable for ora
adm ni stration,' the pharnacgytlcal conposition

conpri si ng: a c«ﬁpound of Forrmula | as
defi ned aboVa S afn gaWhy acceptabl e salt
or ester thereo d (ii) east one

pharmaceuti cal | ept ab p t he met hod
conpri si nggphavi g te i .f/ﬁnVMRéw an enteric

coati ng. Ac ording to a fifth aspect, there is
provided in a phafmaceutical conposition suitable for
oral adm nistration contai ning a conpound of Foinula
| as defined above or a pharnmaceutically acceptable
salt or ester thereof Fdrimlake of an enteric coating
for reduction or prevention of nitration of said
conpound. According to a sixth aspect, there is
RyiYdiged in a pharmaceutical conposition suitable for
oral adm nistration containing a conmpound of Formula
| as defined above or a pharmaceutically acceptable
salt or ester t her eof , HQ@éUﬁe of an anti.oxjdant for

r &dt &k 9T alismative gEwp; 3 baipa, sybstitiisd tyaNGs via a nifrite-
based S8ARMUBSbtion;

R is selected from hydrogen, halogen, trifluoromethyl, or alkyl of 1 to 6 carbons or
cycloalkyl of 3 to 7 carbons;

X is oxygen (-O-), sulphur (-S-), carbonyl (-CO-), methylene (-CH>-), or -NH-;

R; and Rj are the same or different and are hydrogen, halogen, alkyl of 1 to 4
carbons or cycloalkyl of 3 to 6 carbons, at least one of R, and R; being other than

bydrogen;

Ry is hydrogen or lower alkyl;
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According to a seventh aspect, there is provided a
conposition as defined above, for use in therapy.
According to an eighth aspect, there is provided the
use of a conposition as defined above in the
preparation of a nmedi canent for preventing,
inhibiting or treating a di sease associated with
nmet abol i sm dysfunction, or which is dependent on the
e LONOO mtHyidneqATHP) FOONRs-, (NI -areNBk@Ded gene,
§§ﬁ%§§§gp¢92h3§bggit$, hy%ercholesterolenia
dysl i pi daem a, atherosclerosis, cardiac arrhythm as,
depressi on, osteoporosis, hypothyroidism goitre,
tRyis 8 of leweradeylas wel | as gi aucoma and congestive
heart failure. According to a ninth aspect, there is
provi ded the use of a conposition as defined above in
tH0Sis RRBYE AR ALY -00. 1), et esserdintredfor apresirem theregl
inhibiting or treating a disease associated with
met abol i sm dysfunction, or which is dependent on the
expression of a tri, odothy, i : &9he CH
X eckBi POoBAE Lt §: el par o] SR behel Sane Cll,
eroupshhay bpiiskaaybe, subbtharedsaittehaege, oc¥rig-EcCarwitigh may 88 cis or
depr essi on, osteoporosis, hypothyroidism goitre,
trans, roid cancer as well as glaucoma and congesti ve
heart failure. According to a tenth aspect, there is
provi ded a conbi nati on nedi canent suitable for ora

aRTii g s FoRER,00r #moalkmhaying: afdl) giovpi rogt other group capable of
_ pharmaceutical conpgsition as fined above or a
bioconyprsionde éﬁ‘ﬁf@ﬁﬂ}fi/geafc@?ﬂ?}a%ﬁugﬁea&{%eﬁn 1gTSt er’ t hereof ;

and (2)- a second pharmaceutical conposition
conprising at | east one antioxi.dant, wherein each_of
includinR@lfstéradischitdls Greftbrpiphameaseutidalln hocepiahle slt it thereof,
contains at | east one pharmaceutical |l y-acceptabl e
exci pient, and wherein the first and second
rmageut ] cal ofeliys) LT icipRdnk:enfior
g@ﬁul t%ﬁeeag{u%;fepsheque%tﬁflg 19’(r)}ltlr%ct‘:s-i{eu%z}\ff?:l,jdt ﬁldm ni stration.
Compounds of Fornmula | are particularly useful as
thyroid hornone receptor agonists. In particular,
nfmy sacentetsgegtngls show enhanced activity at the TRP
(rather than TRa) receptor. The conposition of this
first aspect of the invention is based on the
surprising finding of the inventors, as a result of
the investigations nentioned above, that the nitro
reacti on product of the conpound IAis fornmed upon
oral admnistration via a nitrite-based nitration
reaction. The nitrite-based nitration reaction
requires a noderately |low pH (around 2) in order to
proceed. By providing the conposition with an enteric
coating (i.e. one which remains intact in the acidic
stomach, and only di ssol ves on passage of the
conposition into the small intestine, where the pHis
closer to neutral), the nitration reaction is
significantly inhibited. The presence of the enteric
coating prevents exposure of the
phar macol ogi cal | y-active conpound of Formula Ito the
acidic nedia of the stomach, thereby preventing the
nitrite reagent frombeing formed in the vicinity of
the said active conmpound. The consequence of the
enteric coating is therefore that the nitration
reaction on oral adm nistration of a conpound of
Formula | is attenuated. It should be enphasi sed that
the ‘notivation of the presgnt inventors to understand
and attenpt to attenuate the nitration reaction was
t he unexpected production of a nitrated reaction
product of conpound 1 A during formulation
devel opment work. Such a nitration reaction also
occurs in other conpounds of formula (1) including



preferably within 45 m nutes, when neasurenent is
carried out in pH 6.8 buffered nedium (e.g. sinulated
intestinal fluid pH 6.8). In sone circunstances, it
may be preferable for an inert coating to be provided
between that portion of the conposition containing
the conpound of Fornula I, and the enteric
Acco?&iﬁ I8 QESQF&H g@&aﬁﬂe&gﬁ ;ﬁbﬁd&d/ Riphainhate@ AP esatogtfion suitable
ic polyners and hence, by their very nature, have
ﬁnoﬁﬂedmnﬁﬁntmaknﬂmdﬂmw to del eterious changes in
certain active ingredients. An interposed inert
co ting nade dgg Of exanpl e, a cellul ose
vat # FPRRdRt i oY oy or opyl cel | ul ose or
hydroxypropyhnethyl cellul ose) tends to inhibit such
interactions. The inert coat Bhould, of course, be
sol uble (or Rthermrse dbgpers ble) nin the intestina
media in ordef atl_ov e Corpolnd of Formula Ito
be rel eased. The goating' as used
herein is intende ) oat i ng¥~applied to a
conposi ti onkge or .g. a tablet) e the
dosage formis otherw se essentially conplete and
those applied at infnternedi ate stages of dosage form
manuf acture. Thus, conpositions are included in which
t he conmpound of For mul a Hormslaflor mul ated with
exci pients into granules which are then enteric
coated prior to further processing, such as
B¥5ion into tablets or filling into capsules,
for exanple gelatin capsules. Equally, an approach
SUGh;sas ot hakllaasvd Bedp chpd2 S22 08DstitetedI 8t NOesh a nitrite-
preferred, may be surtable for preparing conpositions
based adtortnmepctiont he first aspect of the invention for
certain compounds of Fornula |I. In this approach,

SRR AR o o corbonscr

cvdaﬂkﬂ&feeogcmﬂﬁmgo C30 aliphatic carboxylic acids) are
prepared by co-precipitation fronisolution by

adj ust nent of tai.n c nds .o
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ition or al ternatively, it may be preferred
carbbhabr BeclaallylRS’ Arte @amibonsac?épeeﬁden@ |0§ RyaAndglp being other than
al kyl. I'n such a case, R2 and R3 are preferably each
hydsogeftpendent |y O, Br, | or nmethyl. In certain
preferred enbodi nents, R2 = R3. R2 = R3 = Br or C

argue§gﬁﬁbgﬁhyipﬁ@ﬁgky$d In conpounds of Fornula I,
R4 is preferably H or nethyl wth H particularly

preferred. In certain co F i s
_ ( GHP)Y2RhdOR- pasthyl ?}iﬁ 17 M‘i vg‘il{ﬁm rhﬁ\sdo-,
addition, A may be -NRSCD- with R5 being H 1In
par HhQQ‘%IHﬂ jerred conpounds of Formula I, Y is
g—iﬂ? b'ﬁgi A i's NHCO or CONH and R6 i's COOH,
or a corresponding salt, ester or prodrug form of
COBH.is Tirboxydivpsidhdr @ psterpereph o8 @ PElreHber®sbdi ment s

of the present invention, have a fornula sel ected
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skilled person, the nitration reaction described
above would lead to the introduction of a nitro group
at the | owernost position of the | eft-hand benzene
ring as represented in the4bove structures, or on/to
to the OH Accordingly, whilst in nost cases the
substituted group would be H, alternative groups
capabl e of being substituted by neans of a
nitrite-based nitration reaction are also
contenplated, e.g. an iodo group on/to to the pheno




nmonot hi ogl ycerol , potassi um net abi sul phite, sodi um
bi sul phite, sodium sul phite and sodi um
net abi sul phite. A preferred antioxidant is ascorbic
acid or its sodiumsalt, which has been found to have
particularly significant inhibitory effects on the
nitration reaction. Alternatively, the anti oxi dant
group@shab@puisizdiy Hensibtitbied wiBubdlogam, anli iexCd@ntwhidy mag be cis or
sel ected from a-tocopherol, ascorbyl palmtate,
ranBgty| at ed hydr oxyani sol e, butyl ated hydr oxyt ol uene,
ethyl ol eate and propyl gallate. Al though not
esRent idlirodeh, BRYAnDAKMEA e5raklbol foftupt he @BemMoteRg ddphible of
and the antioxidant (ii) to be substantially
bioctrorogeneqsstptathy &ds piEnos sivedtprs (whersimskr2Hhat , upon
any contact of the conmpound (i) with nitrite (and/or
i trous .achd I it 1- and
or BB U Gos PR P el SY BB s | i
antioxidant is nore likely to be in the vicinity of
su@h costlieat oanantioRkitknabhe to better attenuate any

nitration reaction which may occur. |n accordance

with a second aspect of, the present invention, there
isﬁﬁ?ov@@éﬂ“Hn%ﬂg¥ﬁﬁ@%EFF@%ﬁ&?gﬁgg§??ﬂ%ﬁmsuitable f or
oral adm nistration, conprising: (i) a conpound

of Formula I or a pharmaceut.ical ly acceptabl al.t .or

Accqgdingr 1 ReigrasPed Hsee A1 Bedk g Compositon (% fefled above also
- gd}ﬁmﬁ ti i FRedd ipidaemic agents
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the conposition is a solid conposition. The preferred
and/prAntiypRESITHPLEBEY mul a | as described in relation to the

first aspect of the invention also apply in

connection with the second.aspect nd. t hose ot her )
AcCeHIRCIPs HUER ASBES %qedwpr%‘g%ﬁ% F’%?Hl(*q%a‘?fe?? ?L’lsﬁ‘é‘%‘ a pharmaceutical
com%&sﬁ?&rqél,gtia% I?rf othN&inSi8£8980 A TR SlanBhoduliBaticBM@Biti &R comprising:

referably also I ncludes an enteric coating. The

enteric coating nay be as described above in relation

to(he hicanpampeet Fofmulael i a3y defitied nabovheorp peBlgsmaceutically

[ ntion furtherpore provides, in a third aspect, a
a“”ﬁ%%ﬁﬁﬁh6¥e§F£%PFngﬁg a pharmaceutical conposition

suitable for oral adm nistration, the pharmaceutica

c Og@OSi it 2Ast @8 Phirgiad@itical¥acceptable excipient;
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phar maceutical | y- accept abl e excipient; the nethod
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coating. In a further aspect, the invention provides,

In a pharmaceutical conpasitjon suitable for oral }
Accerdingrips it ppacte Bisreas Brogded Bonplsamaceyicatspmppstion gyitable for

oral aacﬁnzﬁgﬁﬁ(gxyt o?l?al.illlj}{% aaccc%%eﬁrhﬂ#l@ SAlHonAlaest & abfstedbove or a
as defrined above, the use of an enteric coating or an

pharikéwtidatiandcegrtaiiotfaltaor eseerthaechabé nge arfdararenteric coating for
ant i oxi dant, for, reducti.on or grev ntion of nitration

redugh o @ RFEYAHHB O #121IRR of pUd SATPPYRent i on al so provi des

a conposition according to the invention, for use in
therapy. The present invention also provides the u

se .
Accerrling ©ohisk aspest: WP ATRgdebin %BhW%%‘PF%rFOWPOFJﬁ’QH suitable
Lo oof G i above or a
for o B o oy Coiasd sbove o
pharfeicadntlalis mvabpabimedt oresteo thentrifctheivse dbpradmridaghior meduction
expression of a triiodothyronine (T3)-regul ated gene.
The di sease nay be sel ected from obesity,
hyper chol esterol em a, dysli,pi daem a, atherosclerosis,
cardi ac arrhythm as, depression, osteoporosis,
hypot hyroi dism goitre, thyroid cancer as well as
gl aucoma and congestive heart failure. Simlarly, the
present invention also provides a nethod of
preventing, inhibiting or treating a di sease



The conposition according to the first or second

aspect of the invention may al so conprise a further

phar macol ogi cal ly active ingredient selected from

hypol i pi daem ¢ agents, anti di abetic agents,

anti depressants, bone resorption inhibitors, appetite

suppressants and/ or anti-obesity agents. The further

phar macol ogi cally active ingredients tend to have

LiiVv - b SL fects with the conpounds

Orp%? t%%ngﬁ%g%é%E%%%é&%ﬁgﬁﬁ%tabolic effects thereof.

I n conpositions as descri bed above containing an

anti oxi dant, the anount of _antioxi dant nay, vary .over
Accordipgrtg aievrath amger thepes eFos 3;{ S FOBRHOT GRS FRASEs for use
hrmg&_gntioxidant are present, for exanple 0.0005 mol,

ot preferably at |least 0.01 nmol. The anmount of

anti oxi dant may for exanple be from0.0001 to 15

mmol, for e |l e 0,,0005 to 10 |, typically..0.01
AcciTng ot B BBER BPRErBos ERan uolRiPpgHion & defined
abo i8R §hd Pefarhflo®f £rid8icahbntdBl Avehtie, AheHAGCohWERIRAg a disease

swal | ows around 0.1 mmol of salivary nitrite per )
assotiotgd . with excabelem clysiaictidne oalydueh gudapendeangen e expression of a

.. I_oxi da i.n the, conposition shoul (0)V] :
witoRhydirg; Dl cfBecrefl, RIR sl P ifolsyigrplomia,
dystipkdaef@a, CORESEdIr0ks Of cdtilici naeintth@fas] s de@sssitant dsteoporosis,

the stomach for a relatively protracted period. In
hypaplayrokhiss.rsitra dhaeid caners ap Pl an elaunonh gpdrengegipedisart failure.

conbi nati on nedi canent suitable for ora

adm ni stration, conprising: (1)a first pharmaceutica
AccG@aifipasiatiiom s that igpravidedpieimmd offa ceompositian bs defirgd above
. _pharmaceutically acceptaple salt or. ester thereof, qf
~ in (ge@pisedraBb veledsyIey) LT JERHENBHHIF R, P EgpUne 8 disease

; r i ression of a
a5 B, oL R o)
trilodathposintei 6Fig-repnsted nsenat skleatstl 6nm obesity, hypercholesterolemia,

phar maceut | cal | y- accept abl e exci pi ent, and wherein .
dyslippaemiq.g  at ?F&S%l%r%lﬁd ﬁﬁal'aﬁ‘ac%?ﬁ A o ST n sOSHREpOTOS1S:

IR i IdBahERAE kBl 2% o1 HREME Rhd Bbldéstdfe heart failure.

hﬁf@%@?ﬁ%@l%ﬁ%ﬁ%@%nﬁ nation rreé cament of t%e pr esent

i nvention takes advantage of the fact that, in order

far the stabilisation.of the.co nd.. (] .
Acofyinge P ot et TP e W FORERE O st quitable for
oral W@ Mitth&ioh Odomirise®es into contact with acid and a

source of nitrite. Provided the two conpositions of

t he conbi nati on medi canent are given in such tenpora

oXi-m, t h here | yer t heir j :

B % 5 ey St RpBlf o ReRELERERG 0T PRRGP ety

enjaoyepadbld efisdr estedl€gre@é, okl st abi | i sation against the

nitration reaction. The conpositions, or at |east the
first conposition, are preferably solid conpositions.

e ée?é( Haﬁflaé@ujti}:al Qeﬂggﬁtigﬁ §&ﬁ?§§gg hiNeAPbRe SRlcAidanbY

y of exanple only and wth reference to the

appended draw ngs, of which: Figure 1 which shows a

series of standard HPLC.traces .of the c ound .l A in
where © & Sy ap BB P BRI fateind ! ast one
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the formation of the 5 -nitro reaction product was

taki ng place through an abiotic (i.e. non-enzymati c)

route. The toxicol ogical pféperties of the nitro

reaction product were determned to be altered to a

rel evant extent as conpared to the parent conpound.

It was therefore inportant to determ ne how the

nitration reaction was occurring and to devi se

approaches to control or prevent this in vivo.




1.2.1 Reaction product 1B 1.2.1.1 Exploratory Anes
assay Reaction product 1B was tested in duplicate
cultures in the presence and absence of S-9 netabolic
activation. The positive-control articles were tested
in duplicate cultures and prepared in DMSO, with the
exception of sodium azide, which was dissolved in

wat er. The negative (vehicle) controls were tested in
replicates of five cultures. Reaction product 1B

exhi bited cytotoxicity to each of the S. typhinurium
and E. coil strains tested Cytotoxicity rangi ng from
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exposure with Aroclor 1254-induced rat liver (S9
fraction) netabolic activation. In the 5-hr exposure
to reaction product 1B in the presence of S-9

nmet abolic activation, a statistically significant
increase in the frequency of chronbsone aberrations
occurred. At the highest concentration, 20 ug/m,
the frequency of chronobsone aberrations was 10.5 %
conpared to 2.5 % for the vehicle control and the
reduction in the mtotic index was approxi mately 51
% In the 24-hr exposure to reaction product 1B in

t he absence of S-9 netabolic activation, a
statistically significant increase in the frequency
of chronosone aberrations occurred. At the highest
concentrations evaluated, 40 pg/m, the frequency of
chronosone aberrations was 7.5 % conpared to 2.5 %
for the vehicle control with a reduction in the
mtotic index of approximately 48 % As expected, the
positive controls in each trial induced statistically
significant increases in the frequencies of damaged
nmet aphases. Thus, the validity of this assay was
denmonstrated. hi conclusion, reaction product 1B was
cl astogeni c to dividing human | ynphocyt es when tested
to the maxi mum concentrati ons recommended by
international guidelines for in vitro cytogenetic
studies. 1.2.1.3 Oral mcronucl eus study in mce
Reacti on product 1B was eval uated in the nouse

bone- marrow m cronucl eus assay to determne its in
vivo genotoxic potential. Goups of mce were given
three consecutive daily oral doses of 1000, 1500, or
2000 ny/ kg of reaction produ%t 1B (i.e. up to the
maxi mum dose | evel required b ‘internationa

regul atory guidelines in ICH and OECD). Fenur

bone- marrow sanpl es were collected fromall animls
approximately 24 hr follow ng the | ast dose for

eval uation of mcronucl eated polychromatic




I n concl usion, follow ng dosing of conpound | A in
humans, the potentially nutagenic nitro reaction
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(CH3CH2C2H), sodi um bi sul phite (NaHS03) and sodi um

sul phite (Na2S03). Water insol uble antioxi dants

i ncl ude al pha tocopherol, ascorbyl palmtate.
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The alternative group capable of being substituted by NO, via a nitrite-based nitration
reaction may for example be selected from halo (e.g. 10do, chloro, bromo or fluoro, with
the former preferred) and pseudohalogens (e.g. SCN, OCN, NCS, NCO and Ns).

The enteric coating is preferably formed using any commercially-available polymer
produced for such a purpose. As examples of such polymers, those based on acrylates,
methacrylates or copolymers thereof (such as the range of enteric coating polymers
marketed under the name Euodragit® by Degussa/Roehm), polyvinyl acetate phthalate,
cellulose acetate phthalate, hydroxypropylmethylcellulose acetate succinate,
hydroxypropylmethylcellulose phthalate, hydroxymethylcellulose acetate succinate and

carboxymethylethylcellulose may be mentioned. In a particular embodiment, the enteric
-6-
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coating comprises a methacrylic acid-ethyl acrylate copolymer. The constituent monomers
of such a copolymer may be present in the ratio 1:1. The enteric coating also preferably
contatns a glidant component, such as tale. A plasticiser may also be advantageously

included. A suitable plasticiser is triethyl citrate.

The enteric coated composition is preferably formulated such that 5% or less, more
preferably substantially none, of the compound of Formula I is released in at least one
hour, more preferably two hours, most preferably three hours, when release is measured in
a USP dissolution apparatus II in either 900m! or 500ml of simulated gastric fluid or 0.1N
HCl at 37°C with a stirring rate of 50 revolutions per minute. In preferred embodiments,
at least 80%, preferably at least 90%, more preferably at least 95% and most preferably
substantially all of the compound of Formula I is released, preferably within 1 hour, more
preferably within 45 minutes, when measurement is carried out in pH 6.8 buffered medium

(e.g. simulated intestinal fluid pH 6.8).

In some circumstances, it may be preferable for an inert coating to be provided between
that portion of the composition containing the compound of Formuia I, and the enteric
coating (iii). Enteric coatings are typically composed of acidic polymers and hence, by
their very nature, have the potential to iead to deleterious changes in certain active
ingredients. An interposed inert coating (made from, for example, a cellulose derivative,
such as hydroxypropyl cellulose or hydroxypropyhnethyl cellulose) tends to inhibit such
interactions. The inert coat should, of course, be soluble (or otherwise dispersible) in the

intestinal media in order to allow the compound of Formula I to be released.

The term ‘enteric coating’ as wsed herein is intended to include coatings applied to a
composition/dosage form (e.g. a tablet) once the dosage form is otherwise essentially
complete and those applied at intermediate stages of dosage form manufacture, Thus,
compositions are included in which the compound of Formula I is formulated with
excipients into granules which are then enteric coated prior to further processing, such as
compression into tablets or filling into capsules, for example gelatin capsules. Equally, an
approach such as that described in WO 00/22909, whilst less preferred, may be suitable for
preparing compositions according to the first aspect of the invention for certain

compounds of Formula 1. In this approach, complexes between pharmacologically-active
-7-
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In compounds of Formula I, R4 is preferably H or methyl, with H particularly preferred.

In certain compounds of Formula I, Y is -(CHa),- and nis 1 or 2. Alternatively or in
addition, A may be -NRsCO-, with Rs being H. In particularly preferred compounds of
Formula I, Y is -(CHj),- with n=1, A is NHCO or CONH and R4 is COOH, or a
corresponding salt, ester or prodrug form of COOH.

The compound (i) may, in selected embodiments of the present invention, have a formula

selected from the following:

ot WOH

bop oS e, m
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or a pharmaceutically acceptable salt or ester thereof.

As would be understood by the skilled person, the nitration reaction described above would
lead to the introduction of a nitro group at the lowermost position of the left-hand benzene
ring as represented in the above structures, or orthe to the OH. Accordingty, whilst in most
cases the substituted group would be H, alternative groups capable of being substituied by
means of a nitrite-based nitration reaction are also contemplated, e.g. an iodo group ortho to
the phenol hydroxyl group. The inventors have shown this to be a facile reaction, albeit

slower than the replacement of hydrogen.

When a compound of Formula I is present in the form of an ester, an alkyl ester thereof is
preferred. When a compound of Formula I is present in the form of a pharmaceutically
acceptable salt, such salts may include, when the compound has at least one basic centre,
acid addition salts, e.g. with strong inorganic acids, such as mineral acids, for example
sulfuric acid, phosphoric acid or a hydrohalic acid, with stfong organic carboxylic acids,
such as alkanecarboxylic acids of 1 to 4 carbon atoms which are unsubstituted or
substituted, for example, by halogen, for example acetic acid, such as saturated or
unsaturated dicarboxylic acids, for example oxalic, malonic, succinic, maleic, fumaric,
phthalic or terephthalic acid, such as Hydroxycarboxylic acids, for example ascorbic,
glycolic, lactic, malic, tartaric or citric acid, such as amino acids, (for example aspartic or
glutamic acid or lysine or arginine), or benzoic acid, or with organic sulfonic acids, such as
(CI-C4) alkyl or arylsulfonic acids which are unsubstituted or substituted, for example by

halogen, for example methanesulfonic acid or p-toluenesulfonic acid.

Corresponding acid addition salts can also be formed having, if desired, an additionally

present basic centre.

When the compound of Formula ! has at least one acid group (for example COOH), it can
also form salts with bases. Suitable salts with bases are, for example, metal salts, such as
alkali metal or alkaline earth metal salts, for example sodium, potassium or magnesium
salts, or salts with ammonia or an organic amine, such as morpholine, thiomorpholine,

piperidine, pyrrolidine, a mono, di or tri-lower alkylamine, for example ethyl, tertbutyl,

-9.
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diethyl, diisopropyl, triethyl, tributyl or dimethylpropylamine, or 2 mono, di or trihydroxy
lower alkylamine, for example mono, di or tnethanolamine. Corresponding internal salts

may furthermore be formed.

Preferred salts of the compounds of Formula I which include a basic group include
monohydrochloride, hydrogensuifate, methanesulfonate, phosphate or nitrate. Preferred
salts of the compounds of Formula I which include an acid group include sodium, potassium

and magnesium salts and pharmaceutically acceptable organic amines.

The compounds (i) may of course be solvated if desired, for example hydrates may be used

in the present invention.

In certain embodiments of the first aspect of the invention, the composition also includes
aﬁ antioxidant. Such embodiments are based on the unexpected finding of the inventors;

- as aresult of the investigations mentioned above, that the nitro reaction product of the
compound 14 is formed upon oral administration via a nitrite-based reaction which is free
radical-mediated. It has also been determined by the inventors that the non-biaryl ether
compound GC-1, also described above, becomes nitrated readily under physiologically
relevant conditions. The incdrporation of the antioxidant into the composition of the first
aspect of the invention inhibits the formation of the free radicals and/or scavenges free
radicals which are formed, with the consequence that any nitration reaction which occurs

in spite of the enteric coating is attenuated.

The antioxidant is preferably water soluble. Such antioxidants include ascorbic acid,
fumaric acid, malic acid, propionic acid, or a salt of any of the said acids,
monothioglycerol, potassium metabisulphite, sodium bisulphite, sodium sulphite and
sodium metabisulphite. A preferred antioxidant is ascorbic acid or its sodium salt, which

has been found to have particularly significant inhibitory effects on the nitration reaction.

Alternatively, the antioxidant may be water insoluble. Such an antioxidant may be
selected from o-tocopherol, ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, ethyl oleate and propyl gallate.

-10-
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Although not essential, it may be preferable for the compound (i) and the antioxidant (i) to
be substantially homogeneously mixed. This helps to ensure that, upon any contact of the
compound (i) with nitrite (and/or nitrous acid, and/or any nitrogen- and oxygen-containing
free radical species), the antioxidant is more likely to be in the vicinity of such contact and

thus able to better attenuate any nitration reaction which may occur.

In accordance with a second aspect of the present invention, there is provided a

pharmaceutical composition suitable for oral administration, comprising;

(i) a compound of Formula I or a pharmaceutically acceptable salt or ester

thereof, as described above;
(ii))  at least one antioxidant; and
(ii))  at least one pharmaceutically-acceptable excipient.

In preferred embodiments of the second aspect of the invention, the composition is a solid
composition. The preferred features of Formula I as described in relation to the first aspect
of the invention also apply in connection with the second aspect (and those other aspects

described below, as appropriate).

~ The composition of the second aspect of the invention preferably also includes an enteric
coating. The enteric coating may be as described above in relation to the first aspect of the

invention.

The present invention furthermore provides, in a third aspect, a method of stabilising a
pharmaceutical composition suitable for oral administration, the pharmaceutical

composition comprising:

i) a compound of Formula I or a pharmaceutically acceptable salt or ester

thereof as described above; and

-1t -
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(ii)  at least one pharmaceutically-acceptable excipient;
the method comprising providing the composition with an enteric coating,

In a further aspect, the invention provides, in a pharmaceutical composition suitable for oral
administration containing a compound of Formula I or a pharmaceutically acceptable salt or
ester thereof as defined above, the use of an enteric coating or an antioxidant or both an

enteric coating and an antioxidant for reduction or prevention of nitration of said compound.

The present invention also provides a composition according to the invention, for use in

therapy.

The present invention also provides the use of a composition according to the invention in
the preparation of a medicament for preventing, inhibiting or treating a disease associated

* with metabolism dysfunction, or which is dependent on the expression of a triiodothyronine
(T3)-regulated gene. The disease may be selected from obesity, hypercholesterolemia,
dyslipidacmia, atherosclerosis, cardiac arrhythmias, depression, osteoporosis,

hypothyroidism, goitre, thyroid cancer as well as glaucoma and congestive heart failure.

Similarly, the present invention also provides a method of preventing, inhibiting or treating
a disease associated with metabolism dysfunction, or which is dependent on the expression
of a triiodothyronine (T;)-regulated gene, the method involving the administration of a
composition according to the invention to a subject in need of such prevention, inhibition or

treatment.

In the use and method described immediately above, the medicament or composition may be
administered at a dosing interval of from 30 minutes to one month. More preferably, the
dosing interval is from one to seven days, even more preferably one to three days. The
typical adult human dose range for compounds (i) would be around 1pg to around 2000 pg
per day. For many compounds (i), the daily dose would be less than 300 pug. Preferably, the
dose of compound (i) is from around 1 pg to around 200 ug per day, more preferably around

1 to around 100 pg per day. For example, the compounds (i) may be administered in one
-12-



2 (phosphate) 4 4.27 50 100 6.4 4 0.013 50 100

7.2 4 0 Several conclusions can be nade on the basis

of these data. First, it is clearly denpbnstrated that

waokdor/ifoe26éal one, under appropriate condi ti onspetEP2007/002688

acidity, is sufficient to cause significant nitration

of the conmpound 1A. As shown by the negative contro

(rows 1. to 4), nq nltratlon result is observed when
dose, NOtCMS%Sefhﬁ?diOﬁ(?Stqréw a$f'é Pab@é’n Prefgeblmhe ampent pf eereprziad (i)

per unl ot BBRRAGL S oo | 2B e B8 RHkeb a0 mereon,

preferiH’njE 1% ao 130025 OCSNig. | g ekﬁnﬁ!c rﬂ:i@ﬁ‘m&[n@ of &m &0} pérunftldose
solution than in BH 2 buffer. Thir nitrate at

may bE) ﬁisz' 10N 06 forsxemple from 20t 8Q; Sypigslly from 25¢ad0neE-t o
nmeasur abl e nitrati on of conmpound 1A. Fourth, nitrate
appears to inhibit the nitrite-based reaction to a

The com@Bitibh aedtdigpioans firs( 8eCoridi8pecOsRhOnYENtioR may also comprise
magni t ude; see figures_in bold type). These data thus

a srolagially petiviiingrediens selectekfrom Mypalipidagair agents,
antldlalﬁ}étgd\;’éeg)é%ﬂfs %g?én%‘&gé}lﬁ? ?gn&l%&%giﬁ%ﬂolu n ﬁ%%’éﬁﬂaﬂté supprstin®Sand/or

anti-obegity #8e8tsered orally, is nmediated by nitrite rather
than nitrate. The data also clearly denonstrate the
i nportance of an acidic environnent for the nitration

The fuFtB@GhhhcolbBRalBNARINE frbRRnte s PR FddARS OQEkag?su effects

present invention reduce or prevent access of aci
with th?éemaowls {iheo priarerpanst Bginsitolic afedtsthetenfyr edi ent s

cont ai ned therein. Accordingly, such a formulation

approach is capable of significantly reducing the

In comipbiiti@tisia® GedcABEd daRe WhHtfiRinpak bticidagt, Yﬂe%ﬁlo%ﬁﬁifannm@i‘ant
addi tion of  sel ected anti oxi dant |nh|b|t|ng ents to

may vary g 3ETy wide pangse Prafealin atloatt 0000} mme! of ansioxidantiares
presen® for ERBh$le 3.0085 Sirndd %@é%feﬁﬂ? aRERY 801 A& @ Z‘ﬁn@ﬁxﬁtof

used was general |y around 10-20 tines the anount of
antioxidgfmayder exampleip foayn 5,089 bizlSPanEfR GeFN Y6 26885 to 10 mmol,

- typically 0.01 to 4 mmol per dose of composition.

As will be described in more detail below, the average human swallows around 0.1 mmol of
salivary nitrite per hour. The presence of the above quantities of antioxidant in the
composition should provide a useful stabilising effect for the compound (i), even if the

composition of the invention is resident in the stomach for a relatively protracted period.

In yet another aspect, the present invention provides a combination medicament suitable

for oral administration, comprising:

(1) a first pharmaceutical composition comprising a compound of Formula I or

a pharmaceutically acceptable salt or ester thereof, as described above; and

(2) a second pharmaceutical composition comprising at least one antioxidant,

-13 -



Table 2: Inhibition of nitration of conpound 1A in
the pitsenCe of nitrite by neans of anti oxi dant
i nhibitor agents. 1A(p.M NaNOQ201M nhi biting Agent

wdPo7TepR(hr) Nitration(% 50 100 2 (HCl) 4 981RpR97/002688
100 6.4 24 0.02 50 400 6.4

wherein each of the first and second pharmacentical compositions contains at least one
pharmaceutically-acceptable excipient, and wherein the first and second pharmaceutical

compositions may be administered simuitaneously, sequentially or separately.

The combination medicament of the present invention takes advantage of the fact that, in
orderrfor the stabilisation of the compound (i) to be effected, the antioxidant should merely
be present when the former comes into contact with acid and a source of nitrite. Provided
the two compositions of the combination medicament are given in such temporal
proximity that there is overlap between their periods of residence in the stomach, the
compound (i) should enjoy at least a degree of stabilisation against the nitration reaction.

The compositions, or at least the first composition, are preferably solid compositions.

The invention will now be described in more detail by way of example only and with

reference to the appended drawings, of which:

Figure 1 which shows a series of standard HPLC traces of the compound 1A in the

presence of various concentrations of its 5’-nitro reaction product; and

Figure 2 illustrates a process for manufacturing enteric coated tablets containing

compound 1A.

As mentioned above, during development of compound 1A, it was determined thiat the
formation of the 5’-nitro reaction product was taking place through an abiotic (i.e. non-
enzymatic) route. The toxicological properties of the nitro reaction product were
determined to be altered to a relevant extent as compared to the parent compound. It was
therefore important to determine how the nitration reaction was occurring and to devise

approaches to control or prevent this in vivo.

- 14 -



24 0.12 50 800 6.4 24 0.21 50 100 I:HT 2 (1-1C1) 24
0.02 50 100 Sodi um ascorbate 2 (HC1) 4 0.00 50 100
Sodi um ascor bat e

WO 2007/110226 _ PCT/EP2007/002688

Example 1 - Genotoxicity of a reaction product of Compound 1A

1.1 Introduction

During development of a 25 ug capsule formulation of compound 1A, a previously
undetected impurity was observed in several batches; the impurity ranged from 0.8 to 1.2
% of parent compound. This impurity was identified as a nitro analog, hereinafier referred

to as reaction product 1B.

A theoretical potential for the in vivo formation of this impurity/reaction product was
therefore identified. Hence, this putative reaction product was tested for genotoxic activity

in an International Conference on Harmonisation (ICH) standard battery of studies.

This example summarizes the genotoxicity studies conducted with reaction product 1B and

relates the findings to clinical exposures to this impurity/reaction product.

1.2 Gengtoxicity

1.2.1 Reaction product 1B

1.2.1.1 Exploratory Ames assay

Reaction product 1B was tested in duplicate cultures in the presence and absence of $-9
metabolic activation. The positive-control articles were tested in duplicate cultures and
prepared in DMSO, with the exception of sodium azide, which was dissolved in water. The

negative (vehicle) controls were tested in replicates of five cultures.

Reaction product 1B exhibited cytotoxicity to each of the S. fyphimurium and E. coli
strains tested. Cytotoxicity ranging from minimal to marked was apparent based on
reductions in mean revertant number and/or reductions in the bacteriai-background lawn
density, When compared to the negative controls, the histidine” revertant values were
elevated in the reaction product 1B-treated cultures of strain TA100 in the presence and
absence of S-9 activation, respectively. As expected, significant increases in the histidine®
and tryptophan® revertant numbers were observed in the cultures treated with the positive-

control compounds.

In conclusion, reaction product 1B showed a positive response in this study.
-15-



2 (phosphate) 4 0.00 50 100 Sodi um ascorbate 6.4 4
0. 00 50 100 Sodi um ascorbate 7.2 4 0.00 50 100 odi um
bisulfite 2 (M) 0 0.77 50 100

1.2.1.2 Cytogenetic study in primary human bmphocytes

An in vitro cytogenetics study was performed to investigate the potential of reaction product 1B 1o
induce chromosome aberrations in cultured human lymphocytes, Based on range-finding cytotoxicity
resulfs, concentrations of 5 to 30 pg/mi were selected for evaluation in the 24-hr exposure without
metabelic enzyme activation and concentrations of 2.5 to 20 pg/ml for the 5-hr exposure with Aroclor
1254-induced rat liver (89 fraction) metabolic activation.

In the 5-hr exposure to reaction product 1B in the presence of S-9 metabolic activation, a statistically

significant increase in the frequency of chromosome aberrations occurred. At

16



Sodi um bisulfite 2 (phosphate) 0 0.11 50 100 Sodi um
bisulfite 2 (11C1) 2 0.11 50 100 Sodium bisulfite 2
(phosphate) 2 0.16 50 100 'odiumbisulfite 6.4 (NaAc)
2 0 50

the highest concentration, 20 pg/ml, the frequency of chromosome aberrations was 10.5 % compared

to 2.5 % for the vehicle control and the reduction in the mitotic index was approximately 51 %.

In the 24-hr exposure to reaction product 1B in the absence of $-9 metabolic activation, a statistically
significant increase in the frequency of chromosome aberrations occurred. At the highest
concentrations evaluated, 40 pg/ml, the frequency of chromosome aberrations was

7.5 % compared to 2.5 % for the vehicle control with a reduction in the mitotic index of

approximately 48 %.

As expected, the positive controls in each trial induced statistically significant increases in the

frequencies of damaged metaphases. Thus, the validity of this assay was demonstrated.

In conclusion, reaction product 1B was clastogenic to dividing human lymphocytes when tested to the

maximum concentrations recommended by international guidelines for in vitro cytogenetic studies.

1.2.1.3 Oral micronucleus study in mice

Reaction product 1B was evaluated in the mouse bone-marrow micronucleus assay to determine its in
vivo genotoxic potential. Groups of mice were given three consecutive daily oral doses of 1000, 1500,
or 2000 mg/kg of reaction product 1B (i.e. up to the maximum dose level required by international
regulatory guidelines in ICH and OECD). Femur bone~marrow samples were collected from all

animals approximately 24 hr following the last dose for evaluation of micronucleated polychromatic

erythrocytes (MN-PCE).

No animals died during the study and no drug-related clinical signs were observed. No bone-marrow
toxicity was observed as measured by meaningful decreases in polychromatic erythrocytes (PCE). The
frequencies of MN-PCE were statistically increased at 1000 and 1500 mg/kg.

In conclusion, non dose-dependant positive responses were found in mice.
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1.3 Clinical Exposure to Reaction Product 1B

Following administration of single oral doses of compound 1A to human volunteers,
reaction product 1B could be detected in plasma. Similarly, in a frial in which subjects
received daily doses of compound 1A for two weeks, reaction product 1B could be

detected in several subjects.

In conclusion, following dosing of compound 1A in humans, the potentially mutagenic
nitro reaction product 1B could be detected in plasma. This is the case even if dosing is
carried out over a relatively short period {e.g 14 days, as above). Potential genotoxins are
typically non-dose-dependent in their mutagenic effects and hence the presence of even

low levels of the reaction product 1B are of clinical relevance. In addition, compounds of
Formula I would typically be given over a long period of time and hence the prevention of
the nitro reaction products being formed is of paramount importance if potential genotoxic

effects resdlting from accumulation of the reaction products are to be avoided.

1.4 Summary and Conclusion

The impurity/reaction product of compound 1A, reaction product 1B, was found to induce
chromosomal aberrations in human peripheral lymphocytes in vitro and non dose-

dependant micronuclei in a mouse micronucleus study in vivo.

Furthermore, the reaction product 1B could be detected in human plasma following short-
term dosing of compound 1A. Accordingly, it is clear that the prevention of formation of
the nitro reaction product should be of significant benefit, both because potential

genotoxins can exert genotoxic effects at very low concentrations and because compounds

of Formula I, such as compound 1A, will generally be given chronically.

Example 2 - Nitrate and Nitrite - Sources and nitration mechanisms

2.1 Introduction

A possible source of nitration is the non-classical nitrite pathway. This pathway was first
reported by Uemura et al (1978, J. Chem. Soc. Perkin Trans. I, 9, 1076). The nitrite

pathway can proceed at moderately low pH (around 2) and is tolerant of water, in contrast
-18 -
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to the nitrate pathway. The nitrite pathway leads to the production of free radical species
capable of reacting with hydroxylated benzene-containing compounds, {Beake et al.

(1992) J. Chem. Soc. Perkin Trans. 2, 10, 1653):

The present inventors considered that this pathway was likely to be the main pathway for

nitration of orally-administered compounds of Formula I in the stomach and intestine.

The average daily intake of nitrate and nitrite from sources other than food additives has
been estimated.(T. Hambridge, WHO Food Additives Series: 50, Nitrate and Nitrite).

As far as endogenous sources of nitrite are concerned, it is known that nitrate is produced
from the nitrate in saliva by the action of oral nifrate reductase (Benjamin (2000) Ann.
Zootech. 49, 207). This results in a concentration of around 200puM niirite in the saliva.
The average human swallows around 500ml of saliva per hour. This results in the
ingestion of around 2.4mmol (110 mg) of nitrite per day. This amounts to about

1.6mg/kg/day nitrite (for an average adult weighing 70kg).

2.2. In vivo nitration study

In experiments conducted in vivo in rats, it was found that, on administration of compound
1A together with a nitrate.and nitrite solution (54mg and 4mg, respectively, per rat),
around 6% of the administered dose of compound 1A was nitrated.

2.3, Antioxidants

As set out above, it was hypothesised that the mechanism of nitration of compound 1A
(and hence other hydroxylated benzene-containing compounds, such as those of Formula
T) was via nitrite and hence free radical-mediated. Accordingly, it was considered that the

nitration reaction could be inhibited by free radical scavengers/antioxidants.

In general, any antioxidant can be used in accordance with the present invention. ‘True’

antioxidants are those which block radical-mediated chain reactions by reacting with the
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free radicals (by donating a single electron to the radical species). An example of such a
true antioxidant is butylated hydroxytoluene (BHT). Other examples of such species
inciude the phenolic antioxidants, such as ferulic acid, rutin, catechin, epicatechin,
epigallocatechin, apicatechingallate and epigallocatechingallate. Many such species are
naturally-occurring, e.g. flavonoid- or trans-stilbene-type antioxidants. Reducing agents
are species having a lower redox potential than the compound they are being employed o
protect, and/or they may act as nitration decoys. An example of an agent acting. in this
way is ascorbic acid. In addition, certain agents are ‘antioxidant synergists’. These agents
enhance the effects of antioxidants and may also be included in compositions of the

present invention; an example is sodium edetate.

Antioxidants can also be grouped according to their solubility characteristics. Water
soluble antioxidants include ascorbic acid (or its sodium salt), fumaric acid, malic acid,
monothioglycerol, potassium metabisulphite (KO3S-SO5K), propionic acid
(CH3CH7CO5H), sodium bisulphite (NaHSO3) and sodium sulphite (NayS03). Water
insoluble antioxidants include alpha tocopherol, ascorbyl palmitate. butylated

hydroxyanisole (BHA), butylated hydroxytoluene (BHT), ethyl oleate and propyl gallate.

2.4. The nitration reaction and its inhibition

It is known that L-tyrosine can be converted to a nitro reaction product in which the NO,
group is substituted ortho to the ring hydroxyl group. The experimental procedure for
determining the extent of nitration of L-tyrosine was used for determining the nitration of
compound 1A and the inhibition thercof by selected antioxidants. The experimental
procedure for L-tyrosine is known (1998, Chem. Res. Toxicol., 11, 1578). In brief,
solutions of compound 1A (50pM) were exposed to solutions of NaNO3 (2500pM) and/or
NaNO, (various concentrations) at various pH values, at 37°C and in the presence or
absence of phosphate buffer. The nifration reaction leads to the formation of the 5°-nitro
reaction product of compound 1A. This reaction product can be detected and quantified
using HPLC, the reaction product having a reduced retention time (under the conditions
used) compared to the parent compound. Antioxidant inhibitors were then added to

NaNO,- and 1 A-containing test selutions and the nitrafion tests repeated.
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conposition of the nmedicinal product is provided in
Table 3.1, below Table 3.1: Conposition of |A

Limit 0 @intficsid @OORb! et s | ngredi ent
LOQ for compound 1A in MRM is 10nM in 50%acetonitrile:50% water.

LOQ for reaction product 1B in MRM is 1nM in 50%acetonitrile:50% water.
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Quantity,

0.300 Mannitol
m crocrystalline 83.65 83.4 Ph. Eur.

ng/unit Quantity,

54.6

54. 6 Ph. Eur.

Cel | ul ose,

ng/unit Standard | A 0.050

Hypronel | ose 0.3

wO 28b7f2ur . Magnesi um stearate 1.4 1.4 Ph. E%Tmpzoomozsss

It can clearly be seen that the reaction product has a reduced retention time under the

conditions used, with the parent compound 1A eluting at around 3.5 minutes and the

reaction product eluting at around 4 minutes.

On incubation of 1A with various concentrations of NaNO, and/or NaNOs, the results of
Table 1 were obtained.

Table 1: Nitration of compound 1A in the presence of nitrite and/or nitrate and under

various conditions of pH.

tA  [NaNO3  NaNO2  |nhibiting Time |Nitration
(LkM)  (uM) (LM) Agent pH (hr) (%)
50 b (HCT) ps 0

50 2 (phosphate) 24 0

50 6.4 RN

50 72 a0

50 h500 100 b (EC) 4 4
50 2500 100 " (phosphate) 0.63
50 3500 100 6.4 4 0.017
50 h500 100 72 4 0

50 p500 > (HCD 4 0

50 2500 ? (phosphate) W4 0

50 5500 64 4 0

50 7500 72 4 0

50 100 b (HCY) 4 08.6
50 100 h (phosphats) W 427
50 100 6.4 n 0.013
50 100 72 4 q
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Water, purified* 15 15 Ph. Eur. Methacrylic acid-ethyl
acrylate copolynmer (1:1) dispersion 30 %25.0 (7.5*%*)
25.0 (7.5**) PLEUr. Talc 3.75 3.75 Ph. Eur. Triethyl

w6 bdorAig2d0. 75 0.75 Ph. Eur. Water, purified* 20q3p37002688
Ph. Eur. * Evaporates during the manufacturing

process St Quantity ofdry copolynmer within

arenthesis The target weight of the core tablets was
Severd] sgncjysions son bremads gjeihe R%”‘l‘%g‘%tﬂl??f’ ditpeFirst) ihiswlearly 2 ng.

demonstrated that nitrite alone, under appropriate conditions of acidity, is sufficient to
cause significant nitration of the compound 1A. As shown by the negative control (rows 1
to 4), no nitration result is observed when nitrite and nitrate are absent. Second, the
presence of the phosphate buffer may actually lead to a significant inhibition of the nitrite-
based reaction, the reaction occurring to a much greater extent in pH 2 HCI solution than
in pH 2 buffer. Third, nitrate at pH 2 (HC! or buffer) is not capable of leading to
measurable nitration of compound 1A. Fourth, nitrate appears to inhibit the nitrite-based

reaction to a significant extent. {more than one order of magnitude; see figures in bold

type).

These data thus confirm that the nitration reaction observed with hydroxylated benzene-
containing compounds, such as those of Formula I (e.g. compound 1A), when
administered orally, is mediated by nitrite rather than nitrate. The data also clearly
demonstrate the importance of an acidic environment for the nitration reaction. The
enteric coated compositions of the present invention reduce or prevent access of acidic
media to the pharmacologically active ingredients contained therein. Accordingly, such a
formulation approach is capable of significantly reducing the nitration reaction which

would otherwise occur.

On addition of selected antioxidant inhibiting agents to compound 1A in the presence of
nitrite, the results of Table 2 were achieved. The amount of antioxidant used was

generally around 10-20 times the amount of compound 1A.
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WD 2007/ 110226PCT/ EP2007/ 002688 Bat ch Formnul a Bat ch
formula (see Table 3.2) for 50mtablet and
300p.g/tablet refers to 6000 pcs (840 g) of core

wd abt/abseduri ng tabl et production and 5700 pp@T,g;Z%&,@ﬁss
of core tablets during coating. Table 3.2:Batch
Formula of | A enteric coated tablets |Ingredient
Amount per bat ch (50 pg/tabl et), g Amount per batch,

Table %/Em i Ib?t bJ e%lz)%ﬁgc gltpgﬂnd m tée[%e%%% gmtnte%y means of
anthnda:tmdﬂb:ystagédts. ne

1A (nM) NaNOZ(“M)IInhibiting Agent pH Time(hr)Nitration(%)
50 100 2 (HCl) 4 08.6
50 100 6.4 24 0.02
50 400 6.4 24 0.12
50 200 6.4 24 0.21
50 100 BHT 2 (HCl) 24 0.02
50 100 Sodium ascorbate 2 (HCD) 4 0.00
50 100 Sodium ascorbate 2 (phosphate) |4 0.00
50 100 Sodium ascorbate 6.4 4 - 0.00
50 100 ) Sodium ascorbate 7.2 4 0.00
50 100 Sodium bisulfite 2 (HCl) 0 0.77
50 100 Sodium bisulfite 2 (phosphate) {0 0.11
50 100 Sodium bisulfite 2 (HCl) 2 0.11
50 100 Sodium bisulfite 2 (phosphate) 2 0.16
50 100 Sodium bisulfite 64 NaAc) [ 0
50 100 Sodium bisulfite 6. 4(phosphate)? 0

50 100 Sodium bisulfite 2 (HCH) 22 (.11
50 100 Sodium bisulfite 2 (phosphate) @4 0.17
50 100 Sodium bisulfite 6.4 (NaAc) ¢ 0
50 1100 Sodium bisulfite 6.4(phosphate)4 0

50 100 Catechin 2 (HCD) 4 0.01
50 100 Catechin 2(phosphate) ¢4 0.01
50 100 Catechin 6.4(NaAc) 4 0

50 100 Catechin 6.4(phosphate)4 0
50 100 Catechin 2 (HC) 24 0.02
50 100 Catechin D(phosphate) R4 o

50 100 Catechin 6.4(NaAc) P4 b

50 100 Catechin 6.4(phosphate)24 0
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501.9 500.4 Ph. Eur. Hypronellose 1.8 1.8 Ph. Eur.
Magnesi um stearate 8.4 8.4 Ph Eur. Wat er,
purified** 90 90 Ph. Eur. Methacrylic acid-ethyl

wegiyiei® copol ymer (1:1) dispersion 30 per genkpzbhoHoodsss
(47.4***) 158.2 (47.4***) Ph. Eur.

The data of Table 2 allows a number of significant conclusions to be drawn. It is clear
that, unless the nitrite is acidified, no or insignificant nitration of the compound 1A takes
place, even when the nitrite concentration is increased up to eight times. More
importantly, it is seen that, under conditions of pH and nitrite concentration which are
found to lead to an almost total conversion of the test compound to its nitro reaction
product, the presence of BHT (water insoluble) or ascorbate (water soluble) leads to an

essentially complete inhibition of the nitrite-mediated nitration (see figures in bold type).

Overall, therefore, the data reported herein clearly illustrate that nitrite (NO;) and not
nitrate (NO3) is the likely source of the in vivo nitration observed in hydroxylated benzene-
containing compounds, such as those of Formula I (e.g. compound 1A). This nitrite-
mediated nitration proceeds via a free radical mechanism and only takes place to a relevant
extent in acidified media. The incorporation of an antioxidant into a composition
containing the hydroxylated benzene-containing compound inhibits this nitration reaction
to a significant extent. In addition or alternatively, the protection of the composition by
means of an enteric coating will prevent acidified nitrite from coming into contact with the
hydroxylated benzene-containing compound and thus provides a potent strategy for

stabilising the compound against nitration,
Example 3 - An enteric coated formulation of Compound 1A

3.1 Particle size measurements of Compound 1A before and after milling.

As the unmilled compound 1A contained a large proportion of particles larger than
approximately 100 um, which will affect the content uniformity of a tablet, the compound
1A was milled. A Retsch MM 2000 was used for milling 2 x 2 g compound 1A. A
spherical particle of 100 um diameter with a density of 1.5 g/cm® has a mass of approx. 1

-3

The particle size distribution was measured with a Malvern MasterSizer 2000, 1.e. laser

diffraction technique. The powder sample is dispersed in Tween 20 and water.
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re nade.

Milledfiomngiind M pdsrmiling 49-5)
acceptgt'si/lg gﬁﬁ%%%b H&hﬁhﬁ%at e.

uspendi ng m
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The core tablets are a m xture of a "base
Prispirand §(0.9ryas B s [ Tdisewas an
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hypronel | ose and sprayi ng the di spersion on MCC. Six

percent overage of IAis used due to | osses. After
32T lag the water, the dried product is sieved.
The powder m xture is conpressed to circular, convex

tabl ets of suitable crushing strength and
The mediShMRENAL okt &&%wﬁ@%&ﬁar‘(@i‘a&% 1fimd A8n 8, 8ftcic film-

di ameter 7 mm -

coatedtgiidgt/of to@ stemgihs. 0200 200 02 68 eormiraind d Adheraipaftsr S1.47 per

t obt ain ric resistange. The po

tablet. CAR! C%gl ic?e colgrné;[ol%ltmg ;S/F fhg nsgac(:ill cax}a.ll ]i_(])?}l& é%?r)gpg
L30 D-55).
glidant to the polyner dispersion,

citrate functions as plasticizer.

an aqueous acr
belowdi spersion (Eudragit

e

1

er3.i S

i

e copaolyrer

Talc i s added as a
and triethyl
The function of

Table %g:lcég;v:\n/ﬂfosihfﬂ@oﬁﬁcénwrﬁ%ﬁe& fipRisOvi ded in the table,

Ingredient Quantity, Quantity, Standard
mg/unit mg/unit

1A 0.050 0.300

Mannitol 54.6 54.6 Ph.Eur.

Cellulose, microcrystalline 83.65 834 Ph.Eur.

Hypromellose 0.3 0.3 Ph.Eur.

Magnesium stearate 14 1.4 Ph.Eur.

Water, purified*® I5 15 Ph.Eur.

Methacrylic acid-ethyl acrylate copolymer (1:1) 25.0 (7.5%%) 25.0 (7.5%%) Ph.Eur.

dispersion 30 %

Tale 375 375 Ph.Eur.

Triethyl citrate 0.75 0.75 Ph.Eur.

Water, purified* 50.5 50.5 Ph.Eur.

* Evaporates during the manufacturing process

** Quzantity of dry copolymer within parenthesis

The target weight of the core tablets was 140 mg and the target weight of the film was 12

mg,
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Tabl e 3. 3: Function of excipients |Ingredient Function
Mannitol Filler Mcrocrystalline cellulose Filler,
carrier for APlI, disintegrant Hypronel |l ose Bi nder
woagmaesizsim st earat e Lubricant Water, purifi estriSebomotess

Met hacrylic acid-ethyl actylate copolyner (1:1)
di spersion 30 per cent Enteric coating polymer Talc
@idagnt Triethyl citrate Plasticizer * Evaporates

Batch fepm t he manufacturing process 3.4 Analysis of
enteric coated conposition A suitable approach for
assessing the content and inpurities etc. of the

Batch foiinalal (SecdableSd) tfals (aigitablet @wl F00Idgtatdet réfonmo GOHD pcA (840 g)

ot SO R R 0 B s

particles, the anount of A, Individual - Related
Table S0St anE@Forntla bO1.akntkdt aia&dtsﬁﬂhst ances in the

SHPBer nat ant.. mmv ba A~t Ay wt
Al SASZLL M A S = L S ey T UCL CT II IIC\.It 0 tIIQLI ull ékl d
Ingredig® i 1 ons described in TABPE %" Amous of " I'A™

and its related substanckbstdre dete h?tﬁ’ed by means of
reversed phase chronat ogf &phytabegl /(mieﬁmmetpn

g g
1A 0.318% 1.908*
Mannitol 31276 327.6 Ph. Eur.
Cellulose, microcrystalline 501.9 5004 Ph.Eur.
Hypromellose 1.8 1.8 Ph.Eur.
Magnesium stearate 8.4 84 Ph.Eur.
Water, purified** 90 90 Ph.Eur,

Methacrylic acid-ethyl acrylate copolymer (1:1) 158.2 (47 .4%¥¥) 158.2 (47 4%%%) Ph.Eur.
dispersion 30 per cent

Talc 23.7 23.7 Ph.Eur.
Triethyi citrate 4.7 4.7 Ph.Eur.
Water, purified** 320 320 Ph.Eur.

* Includes 6% overage due to losses during the production of the core tablets

** Evaporates during the manufacturing process '

*** Quantity of dry copolymer within parenthesis

The amount of coating suspension (the last four rows of the table} includes an overage of 11 % due io losses during the

coating process.

3.3 Manufacture

A flow diagram of the manufacturing process of 1A Enteric-coated Tablets is given in
Figure 2. Core tablets with 50 pg and 300 pg 1A were made. The core tablets are a
mixture of a “base granulate” (containing 1 A), mannitol, hypromellose and magnesium
stearate. The “base granulate” is made by suspending milled 1A in an aqueous solution of
hypromellose and spraying the dispersion on MCC. Six percent overage of 1A is used due
to losses. After evaporating the water, the dried product is sieved. The powder mixture is
compressed to circular, convex tablets of suitable crushing strength and disintegration

time. Tablet weight is 140 mg and diameter 7 mm.
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WO 2007/ 110226PCT/ EP2007/ 002688 Tabl e 3. 4: HPLC net hod
paraneters and solutions for | A tablets Mthod
paranmeters and sol utions Instunment Waters Alliance
wERRBi@iisons Modul e with Waters 2487 UV det ep&PlpRiro026ss
equi val ent HPLC equi pmrent with binary punp and W
detector Columm Waters Atlantis dC18, 150 x 2.1 mm 3

0.05 % Tri fl oacetic. Acid in
The C%{agfet%%?@ée%ﬁﬂ 8@@‘%36“’65"95}5%“?1‘ hgEPyHeE1s 38 2ARFOYS i n

metha B S0 Erh B’@b;ﬁ)lﬁﬁéﬁfcﬁ%rsMQREh&aﬁhE§@D’9§S§/Dﬂild fé‘ added
ase B ( I nj ection vol une pl gg |
asa gltdam teﬁlys)polsz@ﬁr@flsper@@@om}swmbyk camtefnmpumlaa nhsncmer

tenperature 25 C Flow rate 0.3 nildm n Detection
wavel ength 250 nm Run tinme 60 min

The function of each of the excipients is provided in the table, below.

Table 3.3: Function of excipients

Ingredient Function

Mannitol Filler

Microcrystalline cellulose Filler, carrier for APL disintegrant
Hypromellose Binder

Magnesium stearate Lubricant

Water, purified* Solvent

Methacrylic acid-cthyl acrylate copolymer (1:1) dispersion | Enteric coating polymer
30 per cent

Talo [ Glidant

Triethyl citrate Plasticizer

* Evaporates during the manufacturing process

3.4 Analysis of enteric coated composition

A suitable approach for assessing the content and impurities etc. of the enteric coated
tablets is as follows. Compound 1A is extracted from the tablets by stirring in sample
solvent, After centrifugation, to remove insoluble particles, the amount of 1A, Individual -
Related Substances and Total Related Substances in the supernatant may be determined
using the instrument conditions described in Table 3.4. The amount of 1A and its related

substances are determined by means of reversed phase chromatography and UV detection.
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G adi ent program Tinme (mm
51 10 90 52 80 20 60 80

WO 2007/110226

Table 3.4:

%A %B 0 80 20

80 20

PCT/EP2007/002688

HPLC method parameters and solutions for 1A tablets

Method parameters and solutions

Instument Waters Alliance Separations Module with Waters 2487 UV detector or
equivalent HPLC equipment with binary pump and UV detector -
Column Waters Atlantis dC18, 150 x 2.1 mm, 3 p
Mobile phase A 0.05 % Trifluorcacetic Acid in Water
Mobile phase B 0.05 % Trifluoroacetic Acid in Acetonitrile
Sample solvent Mobile Phase A/Mobile Phase B (50/50)
Injection volume 50 pL. (50 pug 1A tabiets), 20 pl. (300 pg 1A tablets)
Column temperature 25°C
Flow rate 0.3 mL/min
Detection wavelength 250 om
Run time 60 min
Gradient program Time (min) % A % B
0 80 20
1 80 20
51 10 90
52 80 20
60 80 20
Typical retention times | Compound Retention time {min) Relative retention time
(under stated HPLC (RRT)
conditions 1A 26.4 1.00
- reaction product 1B 34.0 1.29

A dissolution test may be performed as follows, The dissolution test is divided into two

steps: the first step tests the resistance of the enteric coating and the second step tests the

dissolution rate. The coating resistance is tested in 0.1 M hydrochloric acid for 3 h. The
dissolution is tested in 50 mM Sodium phosphate buffer pH 6.8 during 1 h. Withdrawn

samples are centrifuged to remove insoluble particles prior to analysis.

The amount of 1A released from the composition may be determined by means of reversed

phase chromatography and UV detection according to Table 3.5.
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20 Typical retention tines (under stated HPLC

condi ti ons Conpound Retention line (mn) Relative

retention time (RRT) I1A 26.4 1.00 reaction product

wdBo3d086l. 29 A dissolution test may be per pormeshodsozess

follows. The dissolution test is divided into two

steps: the first step tests the resistance of the

enteri c coating and the second step tests t he

53S0l r.at The coati.ng r.esi t I,S tested in

Table 5 HbLE Gusthee s S app SufiSav e dpscutifn fetai
tablett ested in 50 tri M Sodi um phosphat e buffer pH 6.8

durlng 1 h. Wthdrawn sanples are centrifuged to

eppve i ncnl ||h| e r\

Method paggmcfers gnd poRitions o 25 ed from t he conposi tion my be

Dissolutientbath i ned | Prylabmddingutert reversed phase chr omat ogr aphy

Dissoluddh it € ERbd: Rl InIMC) mrgroﬁjs? ﬁemr%rgels
Tab 5 HP

2007/ 110226PCT/L EP2007/ 0 ')RR met.hod

Dissolufombaffeftingss | 3ifePestt uti ons for di s3dPlt ¥ BR test of ILA

tabl et s Mt Baldemparapnet er s and sol|{urperss Ol ssol uti on

bath Prol a Jﬁist;ﬂcéﬁ’a‘s)lie% Gastel bottom 110+1 mm

Instoment Waters Alliance Separations Module with Waters 2487 UV detector or
equivalent HPL.C equipment with binary pump and UV detector

Column “Waters Atlantis dC18, 150 x 2.1 mm, 3
Mobile phase A 0.05 % Trifluoroacetic Acid in Water
Mobile phase B 0.05 % Trifluoroacetic Acid in Acetonitrile
Dissolution medium Acid stage 0.1 M HCl
Buffer stage 50 mM Sodium phosphate buifer pH
6.8
Injection volume Acid stage 100 pi,
Buffer stage 100 pL (50 pg 1A ablets), 15 pL (300
ug 1A tablets)
Column temperature 25°C
Flow rate 0.3 mI/min
Detection wavelength 250 nm
Run time 60 min
Gradient program Time {min) % A % B
0 65 35
19 30 70
20 65 35
26 65 35
Typical retention times Compound Retention time (min)
1A 132

It was found that the release of compound 1A was undetectable following the dissolution
test in 0.1M HCI. When the dissolution test was repeated in pH 6.8 media, however,
dissolution of the tablets and release of the compound 1A was virtually complete for each

tablet tested.
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Di ssol uti on apparatus Mdified Apparatus | (basket)
according to USP. 100 ml vessels Dissolution bath
settings Stirring rate 100 2 rpm Bath tenperature

w@Zo0D11be260. 5 C Di stance basket to vessel bopt9pd7di6ss
1 mm Instunment Waters Alliance Separations Mdul e

W th Waters 2487 UV detector or equival ent HPLC

equij pmgnt wi.t h bi nary punp and UV detector Colum
Accorgielyy whon ysed i1 ¥va G4l enfery cpated gomppsitiongwilbpreyent thgastve
_ 0. Tr Lfi| . T : A
O A A o N
mediupi indhg siohanh amrd thug proxenicor sigatfeantly reduce the production of

potentially genotoxic reaction products of such active ingredients.

Example 4: Nitration of additional compounds of Formula 1.

Tests were carried out on the following additional compounds of Formula I to determine

their predisposition to nitration:
cl Cl
0.
JU A, T O
HO ci N\)I\OH Ho ci N\AJ\OH
o] o}
o/ﬁrm
o

It was found that in all cases exposure to solutions of various concentrations of nitrate and

nitrite as in Example 2.4 above resulted in nitration.

Example 5: Clinical testing

~ Clinically relevant dosages of compound IA were given to human subjects in the form of a
solution in a single dose. Nitrated reaction product was detected in a significant number of

the subjects. When the compound was administered in the form of enteric coated tablets, a

dramatic reduction in nitrated product was observed.
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0.1 MHC1 Buffer stage 50 nM Sodi um phosphate buffer
pH 6.8 Injection volune Acid stage 100 !'IL Buffer
stage 100 gL (50 itg A tablets), 15 pL (300 pg IA

wdablavey Col um tenperature 25C Fl ow rat e Op@r/BEPbAobti/inzess
Det ecti on wavel ength 250 nm Run tinme 60 m n G adi ent
programTinme (mn) %A %B

CLAIMS
1. A pharmaceutical composition suitable for oral administration, comprising;
(i) a compound of Formula I:
Ry
R, X Ry
Y
RTO Rj A/ \ Rﬁ
zZ
Formula I

wherein:

Z 1s H or an alternative group capable of being substituted by NO; via a nitrite-

based nitration reaction;

R, is selected from hydrogen, halogen, trifluoromethyl, or alkyl of 1 to 6 carbons or
cycloalkyl of 3 to 7 carbons;

X is oxygen (-0-), sulphur (-S-), carbonyl (-CO-}, methylene (-CH;-), or -NH-;

Ry and Rj are the same or different and are hydrogen, halogen, alkyl of 1 to 4
carbons or cycloalkyl of 3 to 6 carbons, at least one of R; and R3 being other than

hydrogen;
R4 is hydrogen or lower alkyi;

A is oxygen (-0O-), methylene (-CHy-), -CONRs-, -NRjs-, or -NR5CO-;
-32-



0 65 35 19 30 70 20 65 35 26 65 35 Typi cal
retention tines Conpound Retention tine (mn) IA
13.2 It was found that the rel ease of conmpound I A

wo\ah7/upgst ect abl e fol | owi ng the dissol ution pegfpiddzoozsss
0. 1M HC1. When the dissolution test was repeated in
pH 6.8 nedia, however, dissolution of the tablets and

rel ease .of the compound | A was virtually conplete for
OB R P VBT o

R is carboxylic acid (-CO,H), or an ester thereof, or a prodrug thereof;
Y is -{CHj),, where n is 0, 1, 2, 3, 4 or 5 and wherein one or more of the CH,
groups may optionally be substituted with halogen, or Y is -C=C-, which may be cis or

trans; and

Rz is hydrogen, or an alkanoyl or aroyl group, or other group capable of

bioconversion to generaie the free phenol structure (wherein Ry = H);
or a pharmaceutically acceptable salt or ester thereof;
(i)  at least one pharmaceutically-acceptable excipient; and

(iii)  an enteric coating.

2. A composition according to claim 1 wherein X is oxygen or ~-CHp-.

3. A composition according to claim 1 or claim 2 wherein A is -NH-, -O-, -CH»- or
-CONR;-.

4. A composition according to any preceding claim wherein R, is H, iodo or
isopropyl.

5. A composition according to any preceding claim wherein R, and R; are cach

independently halogen or alkyl.

6. A composition according to claim 5 wherein R; and Rj are each independently Cl,

Br, I or methyl.
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Accordingly, when used in vivo, such enteric coated

conpositions wll prevent the active ingredients

bei ng exposed, followi ng oral adm nistration, to an
WER0H 0248 trite-containing nmediumin the st Oﬁ@ﬁ,ﬁp@ﬂﬂogzﬁss

thus prevent or significantly reduce the production

of potentially genotOX|c reactlon products of such

t|ve| redi ents. e4 Ni trat.ion. of
7. BaPTPOHT EOMEDID ST PR e v on Ry ik pEmelh | ed
out on the follow ng additional conpounds of Formnul a
Ito determne their predisposition to nitration: It
8. wAsompusitor dvabrding takhhy praselingolgimsuliesein & i8 0fOH,),0 8% 1©fs 1
various concentrations of nitrate and nitrite as in
Exanpl e 2.4 above resulted in nitration. Exanple 5:
Cinical testing dinically relevant dosages of
compound I A were given to human subjects in the form
9. oA campaiititin a@nordingdo shynpreeeditgdaimNitieret Ads FRAIG-Gind R; is H.
product was detected in a significant nunber of the
subj ects. Wien the conpound was adm nistered in the

S R S AU S

pharmaceutical conposition suitable for ora
adm ni stration, conprising: (i)a conmpound of Fornula
11 | A copppsifipnacrordingie Flgim 1 in whiclr cpgpyng () rsebected fieat i ve
group capabl e of being substituted by NO2 via a
nitrite-based nitration reaction; Rl is selected
fr m hydr og&n, hal ogen, trlfluorone;hyl or al kyl of
9 s @ gycl oal k 7 carbons Xis

o suil pliur (-S-),
né%hy erfs” (= J%TJ%RH-NHJP %fafhs are the
sane or dlfferent and are hydrogen, hal og®n, alkyl of

1 to 4 carbohs or cycloal kyl of 3 tp 6 carbons, at
| east nq3of R2 and R3 bei her It han hydrogen, R4

or2.

1s™h ; en, (-9-),
e Sz }Rer A, -32-
8]
| i
oo, O
HO 1 OH HO i OH
O

or a pharmaceutically acceptable salt or ester thereof.

12, A composition according to claim 11 in which compound (i) is

Br

0O O

HO Br NJ\/LLOH
H
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WD 2007/ 110226PCT/ EP2007/ 002688 R5 is H or | ower
al kyl; R6 is carboxylic acid (-CQ2H), or an ester
thereof, or a prodrug thereof; Yis -(CH2)/1,
wordver/aotesi S O, 1, 2, 3, 4 or 5 and wherei n oper/gpr200dsss
of the CH2 groups may optionally be substituted with
hal ogen, or Y is -C=C-, which nmay be cis or trans;
and : R7 is, . hydrogen, .or an al kanoyl or aroyl
or a phgrmeguticglly BQWPblﬁﬁgﬁﬁr ‘??%g’ﬁfe@%of bi oconversion to
generate the free phenol structure (wherein R7 = H);
or a pharmaceutically acceptable salt or ester
13. A tdmpeifop attdrdingto ¢leidst] mrwhich compound (i) is
pharmaceuti cal | y-acceptabl e excipient; and (iii) an
enteric coating. 2. A conposition according to claim
| wherein X is oxygen or -CH2-. 3. A conposition
according to claim1 or claim2 wherein Ais -NH,
Pﬁ? or -CONR5-. 4. A conposition according to
10y ecedl cai m wherein Rl is H iodo or
. (o] . . .
i sopropyl. = 5.' A conposi tion according to any
precedi ng claimwherein R2 and R3 are each
i ndependent |y hal ogen or alkyl. 6. A conposition
according to claim5 wherein 122 and R3 are each
or a phhARREARNRASNhdc¥ptible sBf or dstePther@EhYl . WO
2007/ 110Z26PCT/ EP2007/ 002688 7. A conposition
according to any preceding claimwherein R4 is H or

methyl. .. 8. Ac osition according to any precedi ng .
4. &4 &P%P%%%ia??"?‘%fqg t‘-’(%l?“"?edéﬂgdg‘ﬁ‘ vherel} ‘ap inerg coptng is
rovidéOhaR &drl h@NpEE6R lofl itiJcdnpoditivn RbsaRHeEe ChbRAbHNENEY, @hd the
P CAlis -!\l_RSCDI-J and Rs is H 10. A coﬁg%sitign
entericgedPediilg to any preceding claimwherein Zis H 11

A conposition according to claim1 in which conpound

(i) is selected fromBr 0 O
15. A composition according to any preceding claim wherein the enteric coating

comprises an acrylate polymer, a methacryate polymer or an acrylate-methacrylate

copolymer.

16. A composition according to any preceding claim being in the form of an enteric
coated tablet and containing the following ingredients: Mannitol, Microcrystalline
cellulose, Hypromellose, magnesium stearate, Water, Methacrylic acid-ethyl acrylate

copolymer (1:1), Talc and Triethyl citrate.

17. A composition according to any preceding claim, wherein 5% or less of the
compound of Formula I is released in at least one hour, when release is measured in a USP
apparatus 11 in 500ml of simulated gastric fluid or 0.1N HCI at 37°C with a sfirring rate of

50 revolutions per minute.

18. A composition according to any preceding claim, also containing an antioxidant.
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NJULOH TRI ACDI TPA or a pharmaceutically acceptabl e
salt or ester thereof. 12. A conposition according to
claim1l in which conpound (i) is WO
wi711932226 PCT/ EP2007/ 002688 or a phar maceupérabdoy7/002688
acceptable salt or ester thereof. 13. A conposition
according to cIain111 i n which conpound (i) is or a

garnace |call% tab r ter t her &

RS SFrie S8 O HE vBeln e Bt gS GFgfip from

ascorbvmﬁﬁ@ifam&ﬁb hdi@rhallzO@id, @mpl@l@ﬁ@m&%aﬁeﬁw of tHeakaid acids,
ortion of the conposition conta|n|n%qthe conpound

mono 10; ycgﬁld Ppisssiwn mastabisulphite; ﬁ)&l\)@ MS)llp godipm sutphite, sodium
metabﬁQlﬁSH@@ &-tRB lﬁe?&oragéo?&ll nga]ﬁﬁm(te,p %@ﬁ'ﬁl@édn? ydrb&lMshfae rb":ﬁ'qﬂated

t he enterlc coat i ng rises an-acry ate pol yner,
hydroxsaliensr sthitl @lqatsi ayld@rom’l gallteacr yl at e- met hacryl at e

copolymer. 16. A conposition according to any

preceding claimbeing in the formof an enteric

20. CRbAFedAN ﬁkoﬂfh‘é 16 Athé& dMiR9 gt J}Q:liuﬁl 19Q¥ieRAdn the com émund )

ingredients: Mannitol, Mcrocrystalline cellulos

and thegijoaident ass mibsirniiptly diomegeneenslnmixedvat er, Met hacryl i ¢
aci d-ethyl acrylate copolyner (1:1), Talc and
Triethyl citrate. 17. A conposition according to any

21.  PA @RAHIaBG:EA RoMpo MG KiitAble t6:Vralla8itnidatibl) %o&ﬁﬂﬁ%
of Formula | is released in at | east one hour

release is nmeasured in a USP apparatus Il in 500nl of

nulated as fluid or 0.1N HC1 at 37C with a
|rrFﬁQHP§P§Lg#% uladyol utions per minute. 18. A

conposltlon according to any preceding claim also
cont ai ni ng an anti oxi dant.

Ry
R P R4 '
PR
R;0 R3 A Re
z
Formuia I

wherein:

Z is H or an alternative group capable of being substituted by NO, via a nitrite-

based nitration reaction;

R, is selected from hydrogen, halogen, trifluoromethyl, or alkyl of 1 to 6 carbons or

cycloalkyl of 3 to 7 carbons;

X 1s oxygen (-O-), sulphur (-S-}, carbonyl (-CO-), methylene (-CH,-), or -NH-;
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WO 2007/ 110226PCT/ EP2007/ 002688 19. A conposition

according to claim 18 wherein the antioxidant is

sel ected fromascorbic acid, fumaric acid, malic
woamdThiopsopi oni ¢ acid, or a salt of any of therseoe/vozess

aci ds, nonot hi ogl ycerol, potassium netabi sul phite,

sodi um bi sul phite, sodium sul phite, sodium

tabi sul phite, a- rol rb al mt ,

s TRL R armh oh AFRERE 6 Rt pBPE efband o 4
carbon8ldtydyclobikal 6f anN@ @rcaidphs, gﬂllbﬁt @nc o2, #dCR{TPEIGE totlgd than

according to either claim18 or claim 19 wherein the
hy‘“%%npound (i) and the antioxidant are substantially

honogeneously m xed. 21. A pharmaceutical conposition

suitable for oral adm nistration, conprising: a

CR/P Bidi8edafor fvdralign;l ©  Formul a wher ei n: Zis H

or an alternative group capable of being substituted

by NO2 via a nitrite-based nitration reaction;

is sel ted rom g al Qgen,

8 in B r RS RGP SoNRE RS o piRec0s:

cycl oal kyl of 3 to 7 carbons; X is oxygen (-0-),

sul phur (-S-), carbonyl (-CO), nethylene (-CH2-), or

-ByHs Hor loweralkyR2 and R3 are the sanme or different and

are hydrogen, hal ogen, alkyl of 1 to 4 carbons or

cycl oal kyl of 3 to 6 carbons, at |east one of 122 and
thydssogen or | ower

e e Q%Ey%%%%"%@e‘?gﬁ%%m‘ﬁ%< &b.), - CONRS.

-NR5- or -NR5CO-; Rs is Hor lower alkyl; R6 is

G A SRS D s o) o s bin O Be BevSnk G Gt
groups9fay opmﬂl MBE SiBRHARR With Halo8e) for YN OHZ- SWRIUR $na¥Bé cis or
optionally be substituted wth -hal ogen, or Y is

trans;am@=C- . whi ch may be cis or trans; and R7 is
hydrogen, or an al kanoyl or aroyl group, or other
group capabl e of bioconversion to generate the free
PRL 0 hydrofai tair Bn (ab@b@l 6r Rfoyt dlbip,06r @ther . group capable of

harnaceutlcall accepLabIe salt qr_ester thereof;

bl"""“("FrF‘Pné‘f gqngratg the, "H]i‘ﬁ‘ﬁ" stragae (Wheran Ry ; f*ﬁ at |east one
pharmaceuti cal | y-acceptabl e exc pient. 22. A
conposition according to claim21, in which the

or a phaongeeutivdlly hdceptabla sals pregsict tleteofn any one of clains 2
to 13. 23. A conposition according to either claim
21 or claim22 which is a solid conposition.

(ii)  at least one antioxidant; and
(iii)  at least one pharmaceutically-acceptable excipient.

22. A composition according to claim 21, in which the compound (i} is as specified in

any one of claims 2 to 13.

23. A composition according to either claim 21 or claim 22 which is a solid

composition.
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WO 2007/ 110226PCT/ EP2007/ 002688 24. A conposi tion
according to any one of clains 21 to 23 wherein the
antioxidant is substantially honpgenously nixed wth
wo be7gmagound (i). 25. A conposition accordi Ngclfpdid¥oosss
one of clainms 21 to 24 wherein the antioxidant is
sel ected fromascorbic acid, fumaric acid, malic
or t of of the said

d,
oK1 mBHRRL R BRS oraone s it aBese i ridan s
substaﬁmymF&wuaplrmcd SRR HBom! F;b (e, sodium

nmet abi sul phite, a-tocophero ascorbyl pal mtate,
but yl at ed hydr oxyani sol e, butyl ated hydroxyt ol uene,
et hyl ol.eate and propyl late. 26.A conposition
5. ghobmep PHE %%ﬁgﬂ Ké’f‘grﬁ% dams 2128 24, wesrein e gpéioxidant is
sclecte’drﬁdni)%dc&%m aci® fRhAREAYd, mihlid AciaRypibniefack &1 SQIt%@Qxily 3f%he
15 nmol per dose. 27.A conposi tion accordlng to any
said agfdsc mqeﬁmqglmroiﬁ par%umomﬁab@mglta mmmab»@mp@tec afotlipm
cti ng | egt
rulphife s¥Guh bR ERIpRE, ZhGiphtGl MBRLUE AR o butyiated
hydrowemmlgthumlntcdwwm:t}(barlsmeagpyitqltta& mdmmxyl; galhtes and/ or
anti-obesity agents. 28.A nethod of stabilising a
pharmaceutical conposition suitable for ora
26. QQ'Uoﬂfp%lﬁéH b QRdrdihg % F&H?fdfac@ﬁlﬁs' fg}alo 9?,_”@9&%:31' tﬁ@ antioxidant is
conpri sing: (1) npoun or nu as
presentigfap geguitrof rom ©A0 oo lélrann@en_dcoss 13 or a
pharmaceutically acceptable salt or ester thereof;

and (ii) at least one
27. mawmﬁ(ﬁukhcahéoymﬂgc:%ptﬁgl &fCWaink €Nt DB Af¥Ft BRprising a
conprising providing t conposition with an ente?

pharmacglegically aptive ringreginair ﬁ@l@%ﬁt itz hopelpiddemiomgens,t amideabetlc
f
agents, aglpdnﬂ;rgs?@sda gée feg&ggb,? fnhhgog@}sga eﬂ% sapg gqu;&f apti-obesity

agentsa pharmaceutically acceptable salt or ester thereof,
the use of an enteric coating for reduction or
prevention of nitration of said conpound. 30. In a
28. maﬁﬁ%ﬁubfc%bﬁgiﬂ?oi' th@naebitic! &nfR5itigh agmfable for oral
admi ni stration containing a conpound of Formu
adminigfegtiondhe pharaaseut pa cemp@wacrwnmrtsmgls or a
phar maceutically acceptable salt or ester thereof,
the use of an antioxidant for reduction or prevention
@ Ni bldhipeindbf Fainkuls AR UAed in3dny M ONMBIRRIst | @113 or 2
accordlng to any of clainms 1 to 27, for use in
pharmacpgically accepipble eRlgorgsten thewpaafit i on according to any
of clains 1 to 27 in the preparation of a nmedi cament
for preventing, inhibiting or treating a di sease
&i$)s oC kAe@dond pHarmEdeahedllyatahdidircipicdl, or which is
dependent on the expression of a triiodothyronine
(T3)-regul ated gene, selected from obesity,

e

hypothyr0|d|sn1 goitre, thyroid cancer as well as
gl aucoma and congestive heart failure. 33. The use
29. &1 a2 pbompesiticilororapesitiadi mejtabls éaryozaheadommsﬁmmomaimg a
comporh, bEOFIETRALBRR Sy BrBELAREL Yo o SRR MReaty
acceptabbtsab@lr iesten thyebi) niod usmmf aarenwhk:ccbaﬁrg foe pdaetiditor @eveitton of
rati F $S|on of a triiodothyronine (T3)-regul ated gene,
nlmJogg ¥ SR8t obesity, hyperchol esterol enmia,
dysli pi daem a, atherosclerosis, cardiac arrhythm as,
depr essi on, osteoporosis,, hypothyroidism goitre,
thyroid cancer as mell'é@'glaucona and congestive
heart failure. 34. A conbination nmedi canent suitable
for oral adm nistration, conprising: (1) a first
pharmaceutical conposition conprising a conpound of
Formula | as defined in any one of clains 1 to 13 or
a pharmaceutically acceptable salt or ester thereof;



(2) a second pharmaceutical conposition conprising at
| east one antioxi dant, wherein each of the first and
second pharmaceuti cal conpositi.ons contains at | east
one pharmaceuti cal | y-accept abl e exci pi ent, and
wherein the first and second pharnmaceutica
conpositions are suitable for sinultaneous,

30. sefluenphaha@itict pamadbsticadsditablst foatdranadministration containing a

compound of Formula I as defined in any one of claims 1 to 13 or a pharmaceutically
acceptable salt or ester thereof, the use of an antioxidant for reduction or prevention of

nitration of said compound.
31. A composition according to any of claims 1 to 27, for use in therapy.

32. Use of a composition according to any of claims 1 to 27 in the preparation of a
medicament for preventing, inhibiting or treating a disease_associated with metabolism
dysfunction, or which is dependent on the expression of a triiodothyronine (T;)-regulated
gene, selected from obesity, hypercholesterolemia, dyslipidzemia, atherosclerosis, cardiac
arthythmias, depression, osteoporosis, hypothyroidism, goitre, thyroid cancer as well as

glaucoma and congestive heart failure.

33. The use of a composition according to any one of claims 1 to 26 in the manufacture
of a medicament for preventing, inhibiting or treating a disease associated with metabolism
dysfunction, or which is dependent on the expression of a triiodothyronine (T3)-regulated
gene, selected from obesity, hypercholesterolemia, dyslipidaemia, atherosclerosis, cardiac
arthythmias, depression, osteoporosis, hypothyroidism, goitre, thyroid cancer as well as

glaucoma and congestive heart failure.
34, A combination medicament suitable for oral administration, comprising:

(1) a first pharmaceutical composition comprising a compound of Formula I as defined
in any one of claims 1 to 13 or a pharmaceutically acceptable salt or ester thereof;
and

(2} asecond pharmaceutical composition comprising at least one antioxidant, - '

wherein each of the first and second pharmaceutical compositions contains at least one

pharmaceutically-acceptable excipient, and wherein the first and second pharmaceutical

compositions are suitable for simultaneous, sequential or separate administration.

39



