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Bogota, D.C,
Abogado
OSCAR CORREA
ASUNTO Radicacion 07 122 625-A
Tramite 011
Evento 378 i - ’
Actuacién 519 B12455
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Patente de Invencién Patente de Modelo de Utilidad D
Via Nacional
Via PCT (Fase Nacional) Capitulo | z‘ Capitulo 1l D
No. Solicitud Internacional PCT/EPOB/004680
Fecha de Presentacion Internacional 17/Mayo/2006

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo
45 de la Decisién 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 29 a 137 2007/11/20
Reivindicaciones; Folios 138 a 142 2012/05/14
Prioridad: ES P200501229 20/Mayo/2005

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada
dentro del plazo establecido (Art. @ D 486) y su contenido técnico corresponde
con el de la prioridad reivindicada.

3. Presentacion de Solicitud Fraccionaria (Art 36 D 486)

Se acepta para examen la solicitud fraccionaria presentada e identificada como
07-122625-A, porque no implica ampliacion de la materia contenida en la soficitud
inicial.

4, Objeto de la invencion
Expediente 07-122 625-A 1er Art 45
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Titulo de la solicitud: "DERIVADOS FLUORADOS DE 4-(2-AMINO-1-

HIDROXIETIL) FENOL COMO AGONISTAS DEL RECEPTOR 82
ADRENERGICO".

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
compuestos Utiles como agonistas de los receptores B2 adrenérgicos para el
tratamiento de enfermedades pulmonares, parto prematuro, glaucoma, trastorno
neurolégico 6 trastornos cardiacos.

Para resolver este problema tecnico fa solicitud en estudio proporciona un
compuesto de formula compuesto de la formula (1), procedimientos de obtencién y
composiciones que io contienen,

Rﬁ
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El objeto de la presente Solicitud se relaciona con ta Clasificacion Internacional de
Patentes (CIP): A61K31/135; A81K31/415; A61K31/47; A61P11/00; C07C217/10;
C07C217/26; CO7C233/43; C07C275/32; C07D215/26; CO7D233/74

5. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de las reivindicaciones 22 a 28 que hace referencia a un procedimiento
para tratar una enfermedad 6 un estado patolégico y que corresponde a un
metodo de tratamiento que no es patentable de acuerdo con el presente articulo.

6. Reivindicaciones relativas a un uso o a un segundo uso (At 14y 21D
486)

La reivindicacién 19, esta caracterizada en términos de un uso, por io tanto no es
patentable de acuerdo con el presente articulo.

7. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1y 2 contienen las expresiones “al menos uno de my r no
es 0", "al menos uno de m y r es 1", las cuales no son concisas. Se sugiere
sustituirlo por un termino preciso ¢ un rango concreto,

La reivindicacion 1 no es concisa porque las definiciones de n, p, 9. m, s, r; unidas
a la expresion “con las condiciones de que al menos uno de m y r no es 0; la
suma de n+m+p+q+r+s es 7,8,9,10,11,12 6 13 y la suma de g+r+s es 2,345 6 6"
se convierten en una gran cantidad de posibilidades. Se sugiere dar valores
concretos a estas variables, lo cual permita una razonable generalizacion del tipo
de compuestos que ha sido sintetizado ¢ probado, con la actividad bioldgica que
se les confiere.

Expediente 07-122 625-A 1er Art 45
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Las reivindicaciones 16 y 17 contienen la expresion “cantidad terapéuticamente
eficaz” la cual es imprecisa y no permite su comparacién con el estado de la
tecnica. Se sugiere sustituirla por un término 6 rango concreto.

Las reivindicaciones 17, 18, 20 y 21 enuncian la presencia de uno 0 mas “agentes
terapeuticos” diferentes los cuales pueden ser un corticosteroide, anticolinérgico o
un inhibidor de PDE4. Estas expresiones son genéricas e imprecisas pues
corresponden a un grupo ilimitado de compuestos que genera muiltiples
posibilidades de combinacion. Se sugiere modificar dichas reivindicaciones
definiendo cada uno de los agentes preferidos teniendo en cuenta lo divulgado en
el capitulo descriptivo.

Las reivindicaciones 1 y 15 hacen referencia a un compuesto de formula general
() sus sales, solvatos ¢ esterecisomeros, sin embargo, no se encuentran
soportados los metodos, solventes, etc., que permiten llegar a la formacion de
solvatos o estereoisémeros.

8. Determinacion del Estado de la Técnica
El Estado de la Técnica se determind con base en la Fecha de Presentacion de la

Solicitud de Prioridad: Mayo 20 de 2005 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

. Fecha de
(4] .
N Documento Titulo Publicacién®
D1 | GB 2140800 Phenethanolamine derivatives 05 D|c1|ggw4bre de
Review: Important fluorinated .
D2 articulo drugs in experimental and 01 Dggngbre de
clinical use

D1' divulga compuestos derivados de fentanolaminas como agonistas de
receptores B adrenergicos, su preparacion y composiciones que los contienen.

D22 divulga detalies de los efectos farmacocinéticos y farmacodinamicos que se
generan al general farmacos fluorinizados.

9. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

1http:/iworldwide. espacenet.com/publicationDetails/biblio?DB=EPQDQC&adjacent=true&locale=en
_EP&FT=D&date=19841205&CC=GB&NR=2140800A&KC=A

2 Journal of Fluorine Chemistry 118 {2002) 27-33
Expediente 07-122 625-A 1er Art 45
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Comparacion de las caracteristicas técnicas esenciales de la reivindicacion 1, con las del
Estado de la Técnica:

Caracteristicas esenciales _ D1
Compuesto de formula (1) Compuesto de formula 0
Q (reivindicacion 1)
,‘-\”n o. HOCHZ
j J -L“]"Ey_h{’}’ ML’ O-@—ib—lc-—iz‘*{‘—‘ilCH;)«n—'O-fc}-ip)n—Ar
R1: CH20H, -NHC(O)H 6 se une con R2 CH20H
formando -NH-C(O)-CH=CH- (Abstract, reivindicacién 1)
H

R2:H (Abstract, reivindicaciéon 1)
R3: H, Halogeno, -SO-Rs, -S0,-Rs, -CO- | H, Haldgeno, alcoxi
NH, (Abstract, reivindicacién 1)

, . _ , H, Halégeno, alguilo C1-3
Ré: H, Halogeno - alquilo C1-4 (Abstract, reivindicacion 1)

Presencia de atomos de flior en la cadena

o Ausente
carbonada metilénica

m: 2 a 8 (representa m, p, n)
npagmsnro 1,263 n: 1 (representaq, r, s)
(Abstract, reivindicacion 1)

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicacién 1 porque D1 divulga compuestos derivados
de fentanolamina de formula (1) (pag. 1 Linea 35), los cuales presenten actividad
agonista (estimulante) especifica sobre los receptores 2 adrenérgicos (pag.1
lineas 5 a 8; reivindicacion1). Dichos compuestos son formulados especialmente
en composiciones para inhalacién (pag. 4, lineas 30 a 35) en concentraciones
entre 0.0005mg a 10mg (pag. 5, lineas 1 a 3).

Los compuestos reivindicados difieren de los de D1 en que tienen dentro de la
cadena carbonada un sustituyente diflGor.

A pesar de la diferencia no se evidencia un efecto sorprendente 6 una ventaja de
los compuestos reivindicados con respecto a la materia divuigada en el estado de
la técnica (compuestos de la misma naturaleza sin los atomos de flior) en cuanto
a |la capacidad de unirse a los receptores _selectividad y potencia agonista.

Por lo tanto, el Problema técnico objetivo a resolver es: “Cémo modificar los
compuestos D1, para obtener compuestos alternativos con la misma actividad”.

De otro lado, en D2 se divulga la adicién de sustituyentes difluor en diferentes
moléculas activas (farmacos), el cual ensefa que la inclusion o cambio de atomos
de hidrogeno por sustituyentes fitor (fluorizacién) permite la modulacion de
parametros estéricos, electronicos y lipofilicos que influyen en las propiedades
farmacodinamicas y farmacocinéticas de dichos farmacos, asimismo el cambio
bioisostérico de hidrogeno por flior permite entre otros gue la interaccion
farmaco-receptor se refuerce (FI1.148, pag. 27, parrafo 2), mejorando la interaccion
covalente entre el receptor y el ligando.
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De manera que tomando en cuenta todo lo anterior, la persona normalmente
versada en la materia que pretenda obtener compuestos alternativos con la
misma actividad como agonistas del receptor 2 adrenérgico, al igual que los
conocidos, y que conozca el estado de la técnica, estaria motivada a realizar la
adicion o la maodificacion bioisostérica de hidrégeno por fllor propuesta en D2
para los compuestos divulgados en D1 llegando asi al objeto de la reivindicacién 1
de la solicitud, por lo cual ésta no tiene nivel inventivo.

Puesto que las reivindicaciones dependientes 2 a 17 no mencionan
caracteristicas inventivas adicionales, tampoco pueden ser consideradas
inventivas.

10.Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

N° Documento Reivindicaciones , Requisito que
afectadas afecta
D1 GB 2140800 1-15 Nivel Inventivo
Journal of Fluorine Chemistry 118 ' . .
D2 (2002) 27-33 1-15 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comisidn de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta (60) dias contados a partir de la fecha de notificacién de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesién, se
denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante de sesenta (60) dias para dar respuesta a este requerimiento y
presentarla por escrito.

Notifiqguese el presente oficio conforme a lo dispuesto en el numerai 5 2, literal e),
del cabitulo quinto defl titulo primero de la Circular Unica No. 10 de 2001,

adk B 1 s 12

Director de Nuevas Creaciones (E)

El! anterior re?auerimiento fue notificado por fijacibn en lista, de fecha
1

J. 2p35

Elaborado por: Lyna del Carmen Mordecay Dunoyer
Revisado Por; Ana Delia Pinzén Garcia.
Aprobado por: José Luis Salazar Lopez.
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Abstract

This reviews detuils selected fluorine-containing drugs that either have potential for. or are already 1, clinical use. Fluorine imparts
desirable characleristics o drugs by modulating boib the pharmacokinelics and pharmacadviamic properties of a drug. Therefore,
incorporation of fluorine into a drug increases the lipophilicty enhancing absorption into biolegical membranes whereby its small covalent
radius can facilitate docking with their drug recepior(s). By emphasising those structural features that modulate the absorption and
metabolism of these compounds. when possible, structure—funciion relationships are discussed. Drug types are classified according 10 their
therapeunic indication and udlity rather than structural type and include phospodiesterase inhibitors, antiparasitic agems (especially
antimalarials). anticancer compounds {such as kinases). anlibacterials. and selected probes uselut lor '*F posilran emission tomography,

& 2002 Elsevier Science B.V. All rights reserved.

Kevwords: Fluorine: Drug: Phospodicsterase inhibitors: Antiparasitic: Antimalarials: Bisquinolines: Anticancer: Kinases: Antibacierials: '®F Positron

emission temography

1. Introduction

The low abundance of natural products containing fluot-
ine ensures that drugs containing this element are processed
as xenobiotics when they encounter biological systems. An
exceptionis the first fluoro-organic substunce exlracred from
the South African gifblar shrub (Dichaperalum cymeasion),
fluoreacetic acid (1), which nmimics acctic acid so closcly
that it can substiwle for it in the Krebs cyele. Since then
about a dozen natural products containing Huorine have been
isolated including the antibiotic nucleocidin (2), isolated
from Serepromyees cafvns. which has proved oo toxic for
clinical use [}

The incorporation of fluorine into a drug allows simula-
neous modulation of electronic. lipophilic and steric para-
meters, all of which can critically influence both the
pharmacodynamic and pharmacokinetic properties of drugs
[2]. Bioisosteric substitution for hydrogen by fAuorine is,
thercfore. an important siralegy Jor ncorporation of o group
capable of reinforcing drug—receptor interactions {electronic
modulation) [1]. aiding translocation across lipid bilayers or
absorption (lipophilic medulation) [3] and inducing con-
formational change/blocking metabolism (steric parameters)
{4]. Fluorine occupies a van der Waals radius (1.47 A)

E-mnail address: f.m.ismail @hvijm.asc.uk (FM.B. Tsmail).
URL: hup:/fwwwstalf livim.ac.uk/paclisma/

positioned belween oxygen ([.52 A) and hydrogen
(120 Ay allowing it to mimic a hydroxyl group. and to
participate in hydrogen bonding interactions [4b]. For
instance, PTPIB complexes with bound o,z-diffuorinated
phosphonate. inhibitors, one of the two prochiral fiuorines
participates in an important hydrogen honding interaction
with the Phe-182 amide NH in the enzyme target {S].

Addirionally. chemical and stereochemical tanstorma-
tons are influcnced by Quorine when cempared (o their non-
fluorinated caunterpart [6].

Fried and Sabo’s seminal preparation of 9u-luoro-hydro-
cortisone acetase [7] revealed how judicious introduction of
fluprine into an existing biologically active molecule
imparted beneficial properties to that compound. Since then.
a vast number of fluorinated molecules, including drugs.
have been discovered or designed [6]. This review concen-
trates on recenlly disclosed compounds thar are either
advancing to or are in clinical trial. Such compounds have
beenr conveniently segregated according to their therapeuiic
idication rather than structural type.

2. Phosphodiesterase inhibitors
Second messenger systems involved in regulation of

autocoids. drugs, hormones and neurotransmiiters include
cAMP and c¢GMP, bothh of which can be inactivaled by

0022-1139/02/S — see frunl mauer ‘¥ 2002 Elsevier Science BV, All rights reserved,
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phosphodiesterase enzymes (PDEs). Ultimately this results
in a plethora of effects including reduction of inflammatory
cell activity. A particularly well defined and attractive drug
larget is PDE4 discovered over a decade ago., which can be
sclectively inhibited by Roflumilast (3), a safe and well
tolerated fuorinated analogue of Piclamilast. is in phase ITI
clinical trials for asthma [8] and could also be usefu] for
treating allergic rhinitis. Subtypes of this enzyme such as
PDEA4D can be selectively targeted over other isoforms by an
order of two log doses hy the N-(1-(2-chloro-phenvljethyl]-
2-(4-fluoro-phenoxy)benzamide  enantiomer shown  (4).
These types of compounds are considered useful for the
treatment of inflammatory disenses such as asthma. chronic
obstructive pulmopary discase (COPD). adult respirafory
distress syndrome (ARDS), pulmonary hypersensitivity,
allergic rhinitis. rheumatoid arthrilis, psoriasis, and vicera-
tive colitis. as well as central nervous svstem (CNS) dis-
orders such as depression and multi-infarct dementia [9.10].

3. Atherosclerosis

Coronary heart. disease (CHID) remains the predominant
cause of mortality in the developed world. Thickening of the
artery wall in this condition leads to both myocardial infarcts
and stroke. First generation HMG CoA reductase inhibitors
(HMG-CoA) such as Fluvastatin and Lovastatin can inhibit
elevated concentrations of low-density lipoprotein choles-
terod (LIL-C). Recently. second generation L1DL-C inhibi-
tors  possessing  superior efficacy include a series of
fluorinated wnulogues such as Cerivastatin (5) that reduce
scruim LDL-C by 33-44% 10 hypercholesterolacmic paticnts
receiving daily sub-miligramme doses. Rosuvastatin (ZD-
4522} (@), in a clinical trial also decreased 1otal plasma
cholesterol concentrations by 34 and 65% for doses of | and
B0 mg, respectively. Interestingly, this compound is not
metabolised by Cvt Pusg (CYP) 3A4 thereby, dinminishing
the possibitity of drug-drug interactions by this route.
However. (8} was rapidly withdrawn from market in August
2001 because of its adverse effects on muscle [11]. Statins
with good hpid solobility have been postulated 1o posses
increascd potential for toxicity because of increased mvo-
Cyle penetrition.

in conrast. cholesterol absorpuon inhibilors censtitule a
particularly exciting approach and are exemplified by Exze-
timibe (Sch 582351 (7). which demonstrates synergistic
effects with statins such as Cerivastatin |12}, Ezetimibe
can hlock normal billary excretion of cholesterol from
the gall bladder into the intestine. which 1s otherwise
reabsorbed. Clarification of the exact mechanism of action
may lead to further rationally designed drugs.

Microsomal triglyceride transfer protein (MTP) inhibitors
transport a variety of lipids including cholesteryl esters and
trigyleerides into intestinal chylomicrons and hepatic very
low-density lipoproteins, The trifluoromethylated cotlain-
ing drug candidue inhibitor BMS 201038 (8) is a potent

inhibitor of MTP (K} = 0.5 nM) resulting in a 90% decrease
in plasma cholestercl concentrations in hamsters and Wata-
nabe rabbits which fack functional L.DL reeepiors {13]. Tt i3
claimed that BMS 201038 can be benclicially used in
conjunciion with other cholesterol lowering agenis in a
receni patent [14].

4. Selective serotonin reuptake inhibitors {SSRT's)

These drugs increase the brain's level of serolonin. thus
improving moad. SSRI's have also heen shown o be useful in
the treatment of obsessive—compulsive disorder and some
forms of severe shyness and pre-menstrual tension syndromes
of which Prozac (fluoxetine hydrochloride) is a representative
example (9. The triflucromethy] group probably assists in
preventing phase 1 metabolism para to the ether linkage.
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5. Parasitic diseases

It is estimated that the global incidence of parasitic
infections will continue to rise. both for drug sensitive
and resistant malaras. Recent. revised estimates indicate
that disease burden from malaria has been sertously under-
estimated and coupled with projected rises in global em-
perature: the situation is set to worsen {15]. Since an
effective vaccine is currentlv unavailable, considerable
cllort from various acadenne and industrial research groups
has provided a number of inleresting compounds including
fluorinated molecules.
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In an effort to avoid quinone-imine formation by biosos-
teric replacement of a sensitive hiydrexyl group with fluor-
ine. Park et al. [4] have produced a number of mechanism
bused. rationally designed compounds which are considered
safe and effective substitmes for various antimalarials,
including amodiaquine and primaguine. However, in order
10 avoid bioactivation in vivo to a quinoneimine, the jntro-
duction of a 3-fuoro group failed to prevent formation of the
S-ghuathionyl metaholite and. therefore, the previcusly
known ejection of a fluoride ion from (10) by cytochrome
Pyso catalysis was invoked,

Bioisoteric substitution of the oxidisable hydroxyl group
by a stronger carbon—fluorine bond that can still participate
in hydrogen bonding interactions with the drug receptor is
exemplified in (11). The prmaquine analogue (12) was
designed (o prevent bioactivation to potentially toxic com-
pounds by incorporating a fluorine on the 6-position but it 1s
inferior to the slow acting Walter Reed Army Institute of
Research experimental drug WR 238605 (13), a replacement
for primaquine that has prophylactic, treatment and malaria
ransmission-blocking potential [16}. In this respect. the
fluorinated anulogue of M6407 (15) 2.6-his-pyrrolidin-1-
yhmethyl-4-( 7-iriffuoromethylquinolin-4- ylamino yphenal,
desigued by the Barlin group shows antimalarial activity
superior to that of pyronaridine in the Samiri ex vivo
hioassay mode] of qalaria [L7]. Although the azalogue
{14} had lowered antimalarial activity i1s overall roxicity
profile was superior to {15).

Intreduction of the large triftuorinated methyl group can
decreases biological acuvity compared to the lead com-
pound. possibly by encountering unfavourable steric
drug-receptor interactions, as discovered for the trifluoro-
methy] analogue (16) of the Roche bis-quinoline antimalar-
1l Ro 47-7737 [ 18], several analogues of which are useful in
preventative and therapeutic treatments of autoimmune
diseases and phenomena, ransplant rejection {(sech as
host-versus-graft discase) and sepsis [19b.c]. Similarly,
unpublished results indicate similar propetties for 1rifiuot-
omethylated analogues of the highly amimalanal drug
Metaguine {1Cs, 1.2 mg/kg. P bergheiy [19a,d).

The classic antimalarial Mefloquine (Lariam) (17) is
encountering increased drug resistance in endemic areas
but has also caused conuoversy because of its potential
adverse reactions in susceptible individuals especially
wamen and those taking recreational drugs causing neurop-
sychiatric symptoms [20]. Halofantrine (18), which contains
atriflucromethyl group and has proven cardiotoxic to cortain
individuals and. in at Teast one instance. has lead to sudden
and unexpected mortality [21].

Artemisinin (qinghaosu) extracted from Arfemis aniun
compositag L. Mer. continues to provide inspiration for
several new semi-synthetic 1.24-trjoxane agents. For
instance. substitution at C- 10 by a fluorinated group improves
the In vivo activity by increasing stability towards metubolic
inactivation in (19) [22]. Disappointingly. the potent. ration-
ally designed second generation trioxanes, such as Fenozan

BO7. a difluorinated 3.3 -spirocyclopentans 1.2.4-trioxane
(20). have vet 1o be commercialised {23]. Arteflene (21). a
fluorinated compound modelied on yingzhaosu A, which
coulains a 2.3-dioxabicyclo{3.3. 1 nonane system. has nol
heen developed further but continues 10 inspire hoth mechan-
1sitic studies and synthesis of related analogues {243,

Compounds that are stucturally unrelated 10 existing
structural types of antimalarial are vare, an exception being
the wifluoromethvlated phenyl p-methoxyvacrylates (22)
[25]. which may prove useful in avoiding drug resistunce.

Eflornithine {23), & ratonally designed ornithine decar-
boxylase inhibitor, can cure infections with Trvpanosoma
gambiense but remains unaftordable by healthcare in ende-
mic areas [26]. The plant microtubule inhibitor tifluralin
(24). originally developed as a herbicide. has previously
been tested with success against Leishmania, Trvpaunosoma
brucei and, more recently, Trypanosoma cruzi. the causative
agent of Chagas disease, Interestinglv. this sensitivity has
been correlated with the deduced amino acid sequences of
g- and B-tubulin of 70 cruzi compared with plant, mammal
and other parasite sequences |27}

Liendo et al, [28] report the in vitro antiproliferative
effects, and mechanism of action, of both enantiomers of
the bis-iriazoie derivative [CI 195.739 against epimasti-
goles and amastigotes of T7 cruzi, the acliological agent
of Chagas’ discase. Importantly. the R{+) enantiomer.
DO870 (28), can induce radical cure of parasite burden in
murine madels of the acute and chronic forms of the disease,
Terminal oxidation (and first pass metabolism} ot the ether
side chain is probably delaved due to the 2.2.3.3-tetrafluoro
blocking group.
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6. Kinases as drug targets: anticancer chemotherapy

Bridges has reviewed wvarious chemical inhibilors of
kinases. including those containing Huorine substitucnts.
and some of which are currently in clinical trials are iliu-
strated below [29]. ZED1839 (lressa) 18 an orally active,
selective epidermal growth factor receptor tyvrosine kinase
inhibitor which blocks signal transduction pathways impli-
cated in the proliferation and survival of cancer cells and
other host-dependent processes promoting cancer growth
[30]. Unlike Iressa. the guinazoline inhibitor CI-1033, upon
binding to the active site of the epidermal growth factor
{EGF) receptor. is irreversibly attacked by a thiol at Cys-773
{Michael reaction). When combined with radiation therapy,
it ncts ag 3 sensiliser resulting in synergistic destruction of
erb-B positive breast cancer cells [31]. Similarly. a 4-aryl.3-
cyanoquinoline (28) has also progressed to the clinic in
which binactivation in vivo is blocked by the presence of a
fluorine group [32). ZD6474 (29) has particalarly good
physical properties. is selective for KDR. orally bioavailable
and shows potent activity against A459 lung, Calu-6 colon,
MDA-MB-231 breast. A431 vulval. SKOV-3 ovarian and
PC-3 prostate cancer models in athymic mice. achieving
between 97 and 1004 inhibition [33].

Platetet derived growth Factor receptor tyrosine kinase
inhibitors are implicated in the uncontrolled proliferation in
numerous cell tvpes including glial cells. fibroblasts and
smooth muscle cells. Using a combinatorial approach the
structurally shmple and specific isoxazole SU-t01 (3
showed activity n vitro againse vanous cell types and,
importantly exhibited activity in tumour xenograft models
at doses of 20 mgfkg per day. Although the trifluormethyl
group retards hydroxylation at the para position to the
sccondary amine group, ring-opening metabolism produces
a long-lived metabolite (r;» = 19 days). Phase 11 clinical
trials against an aggressive type of brain tumour (glioblas-
toma multiforme) proved of little benefit over existing
treatments such as procarbazine and were finallv discarded,
due to an unfavourable metabolic profile [34], In an attempt
to inhihit premature metabolic inactivation of putative
topoisomerase 1 inhibitors. bioisoteric replacement of a
chioring with fluorine in the led compound lead to a dramatic
and unexpected loss of potency in of 4-anilino-2-fAuore-4'-
demethylpodophyllotoxin analogues. 1t is suggesied that the
unfavourable DNA-fluorine interaction explains the loss of
activity [33).

A series of synthelic fluorine-conlaining analogues of
paclitaxe]l und docelaxel bearing CFa or CF.H at the C-3'
position are up to three orders of magnitirde more potent than
paclitaxe! or doxorubin against sensitive and resistant
human breast cancer cells. Metabolism studies show that
fluorinated taxoids block the action of cytochrome Pysns.
importantly, a combination of '°F and *H NMR analyses
coupled with molecular modelling expeniments have
revealed a novel conformer. which probably undergoes
efticient molecular recognition by microtubles and appears

ta be tightly bound to the protein. Other Auorine-containing
paclitaxel and docetaxel have been synthesised through
coupling enantiopure (3R.48)-1-acyl-f-lactams with various
baccatins. The incorporation of {luorine in such taxoids (31,
32) allows design of aa effective probe substance for unra-
velling their metabolic fate. Such fluorine-cantaining lax-
oids block metabolic pathways  associated  with  the
cytochrome Pysq class of enzyimes (36,37}

Fluorine substitution in the A-ring of homocamptothecin
has a pronounced influence on biological activity. providing
several compounds, imcluding (33), which show a two-log
dose increase in potency over camptothecin. Amongst these
compounds, the 10.11-difluoro-hCPT has been selected for
further development. The small elemental radius of fluorine
is ciled as an important requirement when these compounds
bind within 1opoisomerase I, the intended drug target [38}].

A novel Su-reductase steroid mhibitor (34) containing a 4-
trifluoromethyl group is designed 10 target benign prostatic
hyperplasia, It is more potent in vitro than Finasteride and

deserves further developmem [?"7']
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Tor circumvent deactivanng metubolism, Hutchinson et al.
[40] have synthesised mono- and difluorinated analogues of
2-td-aminophenylibenzothiazotes.  2-(4-Amino-3-methyl-
phenyh)-S-fluorohenzothiozole, because of its resistance 1o
undesired metabolic C-hydroxylation, 118 potency. and its
broad spectrum of action in vitro, has emerged as the most
potent of the new generation of antitumor bhenzothiuzoles
and is currently the favoured clinical candidate. It's -
alanine and r-lysine amino acid pro-drug forms are phar-
maceutically robust, water-soluble hydrochloride salts with
in vivo activity in human xenograft and are. thercefore,
destined for phase 1 trials.
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7. Antibacterials

Infections caused by serious Gram-positive organisms can
he treated with Linezolid. the first of a rationally designed
[41.42] class of anibacterial agents called oxazolidinones
that specifically target early ribosomal protein synthesis
“downstream” rather than acting “upstream™ on either
RNA or DNA_ Ifs rapid oral absorption and near complete
bioavialability is due in part ta the presence of u fluorine
group and shows activily against vancomycin resistant
bacteria [43],

8. Radinlabelled drugs

Although preparation of the '*F analogue of an existing
pharmaceusical is challenging, tracking absorption, distribu-
non, site of action. metabolism and finully excretion using
positron emission tomography justifics the expense [44.43].
Importandly. the incorporation of the positron emitling nuclide
I8F ino various drugs has uncovered an imponant diagnostic
ool allowing imaging of cells, nerve lissue and tumours [46].
in real time. in vivo. For instance, 6-['*F]fluoro-3-{2(S)-
azetidinylmethoxy)pyridine (('*F]). a novel analogue of
the high-affinity nicotinic acetvichohne receptor ligand,
A-8538(). is a high-affinity radio-ligand forceniral nicotinic
acetylcholine receptors. Due to it’s short half life it requires
extremely rapid synthesis [47]. Auwtomated radiosynthesis
of Fluticasone propionate [($)-fluoromethyl-6x.9¢-difluora-
11 B-hydroxy-16x-methyl-3-oxo- 1 7-(propionyvloxy)-androsta-
1 4-diene-17f-carbothivate: FP). a potent anti-inflammatory
steroid and anli-asthmatic drug. labelled with '*F ¢y~ -
108.6 min: B—y = 1009 using cyelowon-produced no-
carrier-added [""E]flucride allows monitoring of deposi-
tion i human lung using positron emission tomography
{(PET) (48} Fluoroethylthio-2.5-dimethox yphenethylamine
."s potentiatly valuable as a vehicle for ¥F studies of brain

kineties in PET studies. In this case, the fluarine atom is
claimed to be intrinsic 1o the expressed central activity {49].
In contrast, pro-drugs can be designed to prevent access
ta the brain thereby minimising adverse effects including
neurcloxictty [50].

9, Conclusion

The expense and method of its insertion into useful
binactive scaffolds currently limit the utlity of flucrine.
The excitng discovery of an enzymatic reaction that oceurs
in the bacterium Sireptomyees cartleva, which catalyses the
conversion of fluaride ion and S-adenosyimethionine (SAM)Y
to 5'-fluoro-3'-deoxyfluoroadenosine (5'-FDA), is the first
fluorinase enzyme to he identified. a biotechnological dis-
covery that could revolutionise the preparation of organo-
fluorine compounds |51}, Evolution of novel methods of
incorporating fluerine into organic molecules will no doubt

confinue to increase the abundance of this element into new
drugs that require manipulacion of all aspects of the journey
of a drug through a living organism. namcly its absorption,
distribution. aclion. metabolism and elimination profile.
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