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SUPERINTENDENTE DE INDUSTRIAY COMERCIO

E. S. D.

REF: Expediente 10-063-351 /

TITULO SOLICITADO: BIFOSFATOS DE ALQUILO DE 2 A 5 ATOMOS DE
CARBONOIMIDAZOL.

PUBLICACION: Gaceta 628 de 20/05/2011, N° de publicacion 421.
SOLICITANTE: NOVARTIS AG.

APODERADO: CARLOS REYNALDO OLARTE GARCIA.
TRAMITE: PRESENTACION DE OPOSICION

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nimero 44655
del Consejo Superior dezk/JUdicatura, obrando en calidad de apoderado de la
sociedad LAFRANCOL S.A., sociedad constituida y vigente de conformidad con
las leyes colombianas, con domicilio en Cali, Valle, en ejercicio de lo dispuesto por
el articulo 42 de la Decision 486 de 2000, muy respetuosamente me permito

formular la siguiente
l. PETICION /

Sirvase negar el beneficio patentario a la solicitud contenida en el éxpediente 10-
063-351, por no cumplir con lo dispuesto por los articulos 14, 18 y 20 literal d) de
la Decision 486 de 2000, con base en los fundamentos que se expondran a
continuacion.



” o

Il. LEGITIMO INTERES /

Asiste a LAFRANCOL S.A., legitimo interés para presentar esta opoZWues
la eventual concesién de la solicitud restringiria, en forma contraria a”Régimen

Coman Andino de Propiedad Industrial, el empleo de ciertas sustancias y
composiciones farmacéuticas, en detrimento de sus legitimos intereses

comerciales y de la libre competencia.

. FUNDAMENTO DE LA OPOSICION

La solicitud colombiana en tramite incumple con los requisitos indispensables para
otorgarsele el privilegio de patente de invencion, tal y como se demuestra con los
siguientes argumentos:

En primer lugar, y ante la reivindicacion textual de un diagndstico o tratamiento de
una resorcibn O&sea excesiva o inapropiada, especificamente en las
reivindicaciones 6 y 7, es importante indicar que esto contraviene lo dispuesto en
la Decision 486 de 2000 que literalmente refiere a que “No seran patentables (...)
d) los meétodos terapéuticos o quirdrgicos para el tratamiento humano o animal, asi

como los métodos de diagnostico aplicados a los seres humanos o a animales.”

En otro aspecto, y esta vez refiriéndonos a la ausencia de nivel inventivo de la
solicitud colombiana en cuestién, podemos citar algunos documentos que
revelaban con anterioridad los mismos compuestos reivindicados por dicha

solicitud en tramite, veamos:

La publicacién cientifica “Highly Potent Geminal Bisphosphonates. From
Pamidronate Disodium (Aredia) To Zoledronic Acid (Zometa)'” revela:

Abstract: Bisphosphonates (BPs) are pyrophosphate analoques in which the
oxygen in P-O-P has been replaced by a carbon, resulting in a metabolically
stable P-C—P structure. Pamidronate (1b, Novartis), a second-generation BP,
was the starting point for extensive SAR studies. Small changes of the
structure of pamidronate lead to marked improvements of the inhibition of
osteoclastic resorption potency. Alendronate (1c, MSD), with an extra
methylene group in the N-alkyl chain, and olpadronate (1h, Gador), the N,N-

' Leo Widler,* Knut A. Jaeggi, Markus Glatt, Klaus Miiller, Rolf Bachmann, Michael Bisping, Anne-Ruth
Bomn, Reto Cortesi, Gabriela Guiglia, Heidi Jeker, Rémy Klein, Ueli Ramseier, Johann Schmid, Gerard
Schreiber, Yves Seltenmeyer, and Jonathan R. Green. J. Med. Chem., 2002, 45 (17), pp 3721-3738



dimethyl analogue, are about 10 times more potent than pamidronate.
Extending one of the N-methyl groups of olpadronate to a pentyl substituent
leads to ibandronate (1k, Roche, Boehringer-Mannheim), which is the most
potent close analogue of pamidronate. Even slightly better antiresorptive
potency is achieved with derivatives having a phenyl group linked via a short
aliphatic tether of three to four atoms to nitrogen, the second substituent being
preferentially a methyl group (e.qg., 49, 4j, 5d, or 5r). The most potent BPs are
found in the series containing a heteroaromatic moiety (with at least one
nitrogen atom), which is linked via a single methylene group to the geminal
bisphosphonate unit. Zoledronic acid (6i), the most potent derivative, has an
ED50 of 0.07 mg/kg in the TPTX in vivo assay after sc administration. It not
only shows by far the highest therapeutic ratio when comparing resorption
inhibition with undesired inhibition of bone mineralization but also exhibits
superior renal tolerability. Zoledronic acid (6i) has thus been selected for
clinical development under the registered trade name Zometa. The results of
the clinical trials indicate that low doses are both efficacious and safe for the
treatment of tumor-induced hypercalcemia, Paget's disease of bone, osteolytic
metastases, and postmenopausal osteoporosis.

PO_H,
N=\
k/N—CHZ OH
N

PO,H,

Por su parte la publicacion Cientifica “A Quantitative Structure-Activity
Relationship And Pharmacophore Modeling Investigation Of Aryl-X And
Heterocyclic Bisphosphonates As Bone Resorption Agents®” revela:

Abstract: We have used quantitative structure-activity relationship (QSAR)
techniques, together with pharmacophore modeling, to investigate the
relationships between the structures of a wide variety of geminal
bisphosphonates and their activity in inhibiting osteoclastic bone resorption.
For aryl-X (X = alkyl, oxyalkyl, and sulfanylalkyl) derivatives of pamidronate
and one alendronate, a molecular field analysis (MFA) yielded an R(2) value
of 0.900 and an F-test of 54 for a training set of 29 compounds. Using reduced
training sets, the activities of 20 such compounds were predicted with an
average error of 2.1 over a 4000x range in activity. Such good results were
only obtained when using the X-ray crystallographic structure of farnesyl
pyrophosphate (FPP) bound to the target enzyme, farnesyl pyrophosphate
synthase (FPP synthase), to guide the initial molecular alignment. For a series
of heterocyclic bisphosphonates, use of the MFA method yielded an R(2) of
0.873 and an F-test of 36 for a training set of 26 compounds. Using a reduced
training set, the activities of 20 compounds were predicted with an average
error of 2.5 over a 2000x range in activity. With the heterocyclic compounds,
test calculations indicated the importance of correct choice of protonation of
the heterocyclic rings. For example, thiazoles, pyrazoles, and triazoles have
low ( approximately 2-3) pK(a) values and the derived bisphosphonates are
inactive in bone resorption since they cannot readily be side chain protonated

2 Evangelia Kotsikorou and Eric Oldfield. Journal of Medicinal Chemistry, 2003, Vol. 46, No. 14.



and are thus poor carbocation reactive intermediate analogues. On the other
hand, aminothiazoles, imidazoles, pyridyl, and aminopyridyl species typically
have pK(a) values in the range approximately 5-9 and, in the absence of
unfavorable steric interactions, the corresponding bisphosphonates are
generally good inhibitors. However, aminoimidazole bisphosphonates are
generally less active, since their pK(a)s ( approximately 11) are so high, due to
guanidinium-like resonance, that they cannot readily be deprotonated, which
we propose results in poor cellular uptake. The results of pharmacophore
modeling using the Catalyst program revealed the importance of two negative
ionizable and one positive charge feature for both aryl-X and heterocyclic
pharmacophores, together with the presence of a distal hydrophobic feature in
the aryl bisphosphonate and a more proximal aromatic feature in the
heterocyclic bisphosphonate pharmacophores. When taken together, these
results show that it is now possible to predict the activity, within a factor of
about 2.3, of a wide range of aryl-X and heterocyclic bisphosphonates. The
results emphasize the importance of utilizing crystallographic structural
information to guide the initial alignment of extended bisphosphonates, and in
the case of heterocyclic bisphosphonates, the importance of side chain
protonation state. These simple ideas may facilitate the design of other, novel
bisphosphonates, of use in bone resorption therapy, and as antiparasitic and
immunotherapeutic agents.
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Figure 5. Structures of the 26 heterocyelic bisphosphanates investigated. The designations in parentheses are those used by
Widler et al. {ref 1)



En el mismo sentido la publicacién cientifica “Quantitative Structure—Activity

Relationship Study Of Bisphosphonates®” también revela:

4

Abstract

literature sources.

Method. The structures were energy minimized with the MMFF94 force field, then 181 2D and 3D descriptors
were calculated with MOE (Molecular Operating Environment). The step by step multiple regression and
principle analysis were used to generate QSAR models. The predictive power of each QSAR model was
estimated with the leave-one—out (LOO) cross-validation method.

Results. The QSAR model for a dataset of 28 GGPPSase inhibitors (¥ = 0.86. 100 = 0.82, 5 = 043, 500 =
0.51, F=77.56) is made up of two descriptors. Another dataset of 28 compounds with bioactivities against the
growth of T. Brucei rhodesiense was studied using PCA and reached a model (% = 0.85. 100 = 0.79, 5 = 0.30,
spo0 = 0.35, F = 32.03) with four principle components (PCs). Both the above models have comparable
predictive ability with CoMFA model reported by Szabo ef al. The 86 BPs provided by Novartis with in vivo
bio—data of TPTX rats were divided info two datasets. A six PCs model (% = 0.80. 1?00 = 0.72. s = 0.4, 500 =
0.53, F = 24.83) elucidated the dataset of 44 compounds in which containing aliphatic linked nitrogen ators.
The other dataset includes 42 BPs containing a heierocyc{lic motety with at least one nitrogen atom. Its PCA
model (# = 0.80, 1*L0o = 0.71, s = 0.46, 500 = 0.57. F = 19.99) consists of seven PCs.

Conclusions. A leave-four-out test procedure shows that though the QSAR models based on in vivo bone
resorption pEDs, values cannot provide explicit indications for dug design, their predictive ability for related
compounds is quite good.

Keywords. Bisphosphonate; principal component analysis (PCA); GGPPSase inhibitor; quantitative structure-
activity relationships (QSAR); ICs; EDsp.

(...)

58 Novartis 6a H 1 5
59 Novartis 6b Me 1 0.6
60 Novartis 6¢ Bz 1 25
61 Novartis 6d H H 1 0.3
62 Novartis 6e H H 2 20
63 Novartis 6f Me H 1 15
64 Novartis 6h H Me 1 1.5
65 Zoledronate H H H 1 0.07
66 Novartis 6] H H H 2 45
67 Novartis 6k o Me H H 1 3
68 Novartis 61 H Me Me 1 1.5

(..))

3 A. Xie, C. Liao, Z. Li, Z. Ning, W. Hu, X. Lu, L. Shi, and J. Zhou, Quantitative Structure—
Activity Relationship Study of Bisphosphonates, Internet Electron. J. Mol. Des. 2004, 3, 622—
650, http://www.biochempress.com.
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Finalmente la publicacién internacional W0/2002/043738 publicada el 06 de junio
de 2002 revela:

In a farther embodiment a particularly preferred bisphosphonate for use in the invention

comprises a compound of Formula II

wherein

Het’ is a substituted or unsubstituted heteroaromatic five-membered ring selected from the

o)

group consisting of imidazolyl, imidazolinyl, isoxazolyl, oxazolyl, oxazolinyl, thiazolyl,

thiazolinyl, triazolyl, oxadiazolyl and thiadiazolyl wherein said ring can be partly

hydrogenated and wherein said substituents are selected from at least one of the group

consisting of C;-C; alkyl, C;-C;4 alkoxy, phenyl, cyclohexyl, cyclohexylmethyl, halogen and

amino and wherein two adjacent alkyl substituents of Het can together form a second ring;
Y is hydrogen or C,-C, alkyl;
X is hydrogen, hydroxyl, amino, or an amino group substituted by C;-C, alkyl, and
R is hydrogen or C;-C; alkyl;

Como se puede apreciar, en todas estas anterioridades no solo se revelan

compuestos relacionados a los reivindicados en la solicitud colombiana en tramite,

sino que ademas se obtienen diversos compuestos para estudios de estructura




actividad, en donde se realizan diversas modificaciones estructurales sobre dichos
compuestos bisfosfonatos, o que deja en evidencia también la versatilidad en la

obtencion de dichos compuestos.

En complemento a lo anterior, podemos demostrar también que el proceso de
obtenciéon especifico reivindicado en la solicitud colombiana en tramite, que

comprende la reaccién de un compuesto de acido carboxilico de la férmula II:

R1
OH
RZ\‘Q/\N
Y

Con un oxihaluro de fésforo para dar un compuesto de férmula I:

PHoH
R, O:P’
OH
R’ N
N:J o—p
/\
ho OH

Tal y como se menciona en la reivindicacion 9, carece de nivel inventivo si se tiene
en cuenta el contenido, por ejemplo, de la publicacién cientifica denominada
“Bjsfosfonatos: Sintese, Anélises Quimicas E Aplicagées Farmacolégicas*”
que revela:

Figura 2. Estrutura quimica geral dos BP’s
(...)

* Christian Fernandes, Rodrigo Souza Leite e Fernando Mauro Langas. Quim. Nova, Vol. 28, No. 2, 274-280,
2005.
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Esquema 2. Reacdo entre dcido carboxilico e dcido fosforoso na presenca

de tricloreto de fosforo

Esquema 3. Sintese de BP’s a partir de dcidos graxos de cadeia pequena (n

=1,2 3e4d)
(..))

Y teniendo en cuenta lo descrito ademas en la patente espafiola ES 2174364

mente a partir d

ica industrial-
mediante

oxidacidn con oxigeno del aire. En este caso se ob-
tiene un producto muy puro, apenas impurificado

con productos organicos.

Como se puede apreciar en el estado de la técnica ya se reconocia la reaccion

entre oxihaluros de fésforo (preparado in situ a partir de trihaluros de fosforo y

acido fosforoso como agente oxidante) para la obtencién de bisfosfonatos.

En conclusion, la solicitud colombiana en tramite carece de los requisitos

fundamentales para otorgarsele el privilegio de patente de invencion, en primer

lugar, porque incurre en una improcedencia directa de patentabilidad al reivindicar

un método de diagnédstico y/o tratamiento, lo cual es claramente inaceptable bajo

la Decision 486 de 2000, y en segundo lugar, porque carece de nivel inventivo al

reivindicar compuestos descritos con anterioridad en el estado de la técnica,



obtenidos a través de un proceso que involucra reactivos e intermediarios

igualmente reconocidos en el estado de la técnica.

Asi las cosas, y con fundamento en los argumentos expuestos a lo largo del
presente escrito, respetuosamente reitero la solicitud para que su despacho se
abstenga de conceder el privilegio de patente solicitado, y ordene en

consecuencia el archivo del expediente respectivo.

Iv. FUNDAMENTOS DE DERECHO

Son fundamentos de derecho el Capitulo I, articulos 14, 18 y 20 literal d) de
(Requisitos de Patentabilidad) y el articulo 42 (Oposiciones) de la Decision 486 de
2000.

V. PRUEBAS

Ruego que se tengan como tales, sin perjuicio de las que puedan presentarse al
vencimiento de la prérroga solicitada, y de aquellas que el Despacho considere

oficiosamente, las siguientes:

> Copia de todos los documentos citados en el acapite de Fundamentos de la
Oposicion.

VI. ANEXOS

Para efectos del tramite correspondiente, me permito anexar al presente escrito

los siguientes anexos

Certificado de existencia y representacion legal de Lafrancol S.A.
Poder para actuar.

Constancia de pago de las tasas de tramitacién de oposicion.
Copia para correr traslado al solicitante.

o 0D =

El mencionado en el acapite de pruebas.



Vil. NOTIFICACIONES

El suscrito recibira notificaciones en la secretaria de su Despacho o en mi oficina
localizada en la Carrera 17 No. 88-23, Oficina 205, Fax (1) 621.25.42 de esta
ciudad. Lafrancol S.A., las recibira en sus oficinas localizadas en la Carrera 1 N°
46-84 de Cali.

Sefor Superintendente,

amm——

JOSE LUIS ES VILLAMIZAR
C.C. 79'152.473 de Usaquén
T.P.A. 44.655 del C.S.J.
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Abstract

‘ Abstract Image
Bisphosphonates (BPs) are pyrophosphate analogues in which the oxygen in P-O—P has been

replaced by a carbon, resulting in a metabolically stable P-C—P structure. Pamidronate (1b,
Novartis), a second-generation BP, was the starting point for extensive SAR studies. Small
changes of the structure of pamidronate lead to marked improvements of the inhibition of
osteoclastic resorption potency. Alendronate (1¢, MSD), with an extra methylene group in the
N-alkyl chain, and olpadronate (1h, Gador), the N,N-dimethyl analogue, are about 10 times
more potent than pamidronate. Extending one of the N-methyl groups of olpadronate to a

pentyl substituent leads to ibandronate (1k, Roche, Boehringer-Mannheim), which is the most
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potent close analogue of pamidronate. Even slightly better antiresorptive potency is achieved
with derivatives having a phenyl group linked via a short aliphatic tether of three to four atoms
to nitrogen, the second substituent being preferentially a methyl group (e.g., 4g, 4j, 5d, or 5r).
The most potent BPs are found in the series containing a heteroaromatic moiety (with at least
one nitrogen atom), which is linked via a single methylene group to the geminal bisphosphonate
unit. Zoledronic acid (6i), the most potent derivative, has an EDsg of 0.07 mg/kg in the TPTX
in vivo assay after sc administration. It not only shows by far the highest therapeutic ratio
when comparing resorption inhibition with undesired inhibition of bone mineralization but also
exhibits superior renal tolerability. Zoledronic acid (6i) has thus been selected for clinical
development under the registered trade name Zometa. The results of the clinical trials indicate

that low doses are both efficacious and safe for the treatment of tumor-induced hypercalcemia,

Paget's disease of bone, osteolytic metastases, and postmenopausal osteoporosis.
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Riccardo Rondanin, Riccardo Baruchello, Stefano Provera, Carla Marchioro, Manlio
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Dunford, Simona Buccheri, Nadia Caccamo and Francesco Dieli

Journal of Medicinal Chemistry2008 51 (21), 6800-6807

A small series of aminobisphosphonates (N-BPs) structurally related to zoledronic acid was
synthesized with the aim of improving activity toward activation of human y5 T cells and in

turn their in vivo antitumor activity. The absence of the 1-OH moiety, ...
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Potential Drug Device Combined Systems

Hélene Roussiere, Franck Fayon, Bruno Alonso, Thierry Rouillon, Verena Schnitzler, Elise
Verron, Jérdme Guicheux, Marc Petit, Dominique Massiot, Pascal Janvier, Jean-Michel
Bouler and Bruno Bujoli

Chemistry of Materials2008 20 (1), 182-191

The reaction of Zoledronate with B-tricalcium phosphate (B-TCP) was probed using 23Na
magic-angle-spinning (MAS) NMR, 31P homonuclear through-space double quantum—single
quantum correlation MAS, and 31P-1H {FSLG} HETCOR MAS NMR experiments. The
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Yonghui Zhang, Michael P. Hudock, Kilannin Krysiak, Rong Cao, Kyle Bergan, Fenglin Yin,
Annette Leon, and Eric Oldfield
Journal of Medicinal Chemistry2007 50 (24), 6067-6079

We investigated three series of sulfonium bisphosphonates for their activity in inhibiting the
growth of three human tumor cell lines. The first series consisted of 6 cyclic sulfonium

bisphosphonates, the most active species having an (average) IC50 of 89 ...
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Deng-Ke Cao, Yi-Zhi Li, and Li-Min Zheng
Inorganic Chemistry2007 46 (18), 7571-7578

Reactions of 2-(1-imidazole)-1-hydroxyl-1,1 ‘-ethylidenediphosphonic acid (ImhedpH4) and
cobalt or nickel salts under hydrothermal conditions lead to four new metal phosphonates with
two types of structures: M3(ImhedpH)2(H20)4-2H20 [M = Co(II) (1) and Ni(...
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Christian Madsen, Anders A. Jensen, Tommy Liljefors, Uffe Kristiansen, Birgitte Nielsen,
Camilla P. Hansen, Mogens Larsen, Bjarke Ebert, Benny Bang-Andersen, Povl Krogsgaard-

Larsen, and Bente Frelund
Journal of Medicinal Chemistry2007 50 (17),4147-4161

A series of ring-substituted analogues of imidazole-4-acetic acid (IAA, 4), a partial agonist at
‘both GABAA and GABAC receptors (GABA = y-aminobutyric acid), have been synthesized.

The synthesized compounds 8a—1 have been evaluated as ligands for the a1p2...
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A Quantitative Structure—Activity Relationship and Pharmacophore Modeling
Investigation of Aryl-X and Heterocyclic Bisphosphonates as Bone Resorption

Agents

Evangelia Kotsikorou and Eric Oldfield*

Department of Chemistry, University of Illinois at Urbana—Champaign, 600 South Mathews Avenue, Urbana, Illinois 61801

Received February 3, 2003

We have used quantitative structure—activity relationship (QSAR) techniques, together with
pharmacophore modeling, to investigate the relationships between the structures of a wide

variety of geminal bisphosphonates and their activity in inhibiting osteoclastic bone resorption.
For aryl-X (X = alkyl, oxyalkyl, and sulfanylalkyl) derivatives of pamidronate and one
alendronate, a molecular field analysis (MFA) yielded an R? value of 0.900 and an F-test of 54
for a training set of 29 compounds. Using reduced training sets, the activities of 20 such
compounds were predicted with an average error of 2.1 over a 4000x range in activity. Such
good results were only obtained when using the X-ray crystallographic structure of farnesyl
pyrophosphate (FPP) bound to the target enzyme, farnesyl pyrophosphate synthase (FPP
synthase), to guide the initial molecular alignment. For a series of heterocyclic bisphosphonates,
use of the MFA method yielded an K2 of 0.873 and an F-test of 36 for a training set of 26
compounds. Using a reduced training set, the activities of 20 compounds were predicted with
an average error of 2.5 over a 2000x range in activity. With the heterocyclic compounds, test
calculations indicated the importance of correct choice of protonation of the heterocyclic rings.
For example, thiazoles, pyrazoles, and triazoles have low (~2—3) pKa values and the derived
bisphosphonates are inactive in bone resorption since they cannot readily be side chain
protonated and are thus poor carbocation reactive intermediate analogues. On the other hand,
aminothiazoles, imidazoles, pyridyl, and aminopyridyl species typically have pK, values in the
range ~5-9 and, in the absence of unfavorable steric interactions, the corresponding
bisphosphonates are generally good inhibitors. However, aminoimidazole bisphosphonates are
generally less active, since their pK,s (~11) are so high, due to guanidinium-like resonance,
that they cannot readily be deprotonated, which we propose results in poor cellular uptake.
The results of pharmacophore modeling using the Catalyst program revealed the importance
of two negative ionizable and one positive charge feature for both aryl-X and heterocyclic
pharmacophores, together with the presence of a distal hydrophobic feature in the aryl
bisphosphonate and a more proximal aromatic feature in the heterocyclic bisphosphonate
pharmacophores. When taken together, these results show that it is now possible to predict
the activity, within a factor of about 2.3, of a wide range of aryl-X and heterocyclic
bisphosphonates. The results emphasize the importance of utilizing crystallographic structural
information to guide the initial alignment of extended bisphosphonates, and in the case of
heterocyclic bisphosphonates, the importance of side chain protonation state. These simple
ideas may facilitate the design of other, novel bisphosphonates, of use in bone resorption therapy,
and as antiparasitic and immunotherapeutic agents.

Introduction

There is currently considerable interest in the devel-
opment of geminal bisphosphonates for the treatment
of tumor-induced hypercalcemia, Paget’s disease of bone,
osteolytic metastases, and postmenopausal osteoporo-
sis,! with bisphosphonates making an ~$4-5 billion
contribution to the global pharmaceutical market.? In
addition to treating these bone related disorders, bis-
phosphonates have also been found to have considerable
antiparasitic activity® and to be immunomeodulators.4-6
For example, bisphosphonates inhibit the growth of
many trypanosomatid and apicomplexan parasites,? and
parasitological cures of cutaneous leishmaniasis (caused
by the protozoan Leishmania mexicana) and visceral
leishmaniasis (caused by Leishmania donovani) have

* To whom correspondence should be addressed. Phone: (217) 333~
3374. Fax: (217) 244-0997. E-mail: eo@chad.scs.uiuc.edu.

10.1021/jm030054u CCC: $25.00

been obtained in mice using the bisphosphonates pam-
idronate (Aredia) and risedronate (Actonel), respec-
tively.”® The bisphosphonates pamidronate, alendr-
onate, ibandronate, risedronate, and zoledronate have
also been shown to be potent stimulators of yé T
cells,*"%% and it has been proposed that this T cell
activation may represent a new approach to the devel-
opment of antibiotic compounds® and potentially the
development of novel anticancer drugs.510!1 There is,
therefore, considerable interest in understanding the
mode of action of these compounds.

In early work, it was thought that bisphosphonates
acted by directly modulating bone mineral dissolution.!?
However, more recently, it has been shown that bis-
phosphonates act in the mevalonate pathway,'® and
very recently it has been demonstrated that the most
potent, nitrogen-containing bisphosphonates (such as
alendronate, risedronate, and zoledronate) act by in-

© 2003 American Chemical Society
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Bisphosphonate QSARs

hibiting the mevalonate/isoprene pathway enzyme far-
nesyl pyrophosphate synthase.!4~18 In so doing, they
prevent the post-translation modification (prenylation)
of proteins such as rho, in osteoclasts, which leads to
decreases in osteoclastic bone resorption.!® Of particular
importance here has been the observation that there is
an excellent correlation between the activity of a given
bisphosphonate in inhibiting bone resorption and its
activity in inhibiting the farnesyl pyrophosphate syn-
thase enzyme.® On the basis of the likely mode of action
of farnesyl pyrophosphate synthase, it appears that the
most potent, nitrogen-containing bisphosphonates act
as aza-analogues of one or more putative isoprene
pyrophosphate carbocation reactive intermediates,? a
view supported by several recent molecular modeling
studies.?!22

In our group, we have been interested in using
quantitative techniques to investigate the relationships
between the three-dimensional structures of bisphos-
phonates (and related systems) and their activities in
inhibiting farnesyl pyrophosphate synthases,2? in in-
hibiting the growth of parasitic protozoa,? in y6 T cell
stimulation,? and in bone resorption.2 In this paper,
we focus on predicting the activities of a wide variety
of novel aryl-X (X = alkyl, oxyalkyl, and sulfanylalkyl)
substituted pamidronates, one alendronate, and a series
of five-membered heterocyclic aromatic ring-containing
bisphosphonates, whose activities in inhibiting bone
resorption have recently been reported by the Novartis
group.!

Results and Discussion

In recent work, Widler et al. reported the activities
of a large number of aryl-X and heterocyclic bisphos-
phonates.! However, there have been no published,
quantitative analyses of these results. In earlier work,
we used QSAR techniques to investigate the activities
of variety of bisphosphonate bone resorption drugs
developed, primarily, by the Procter and Gamble Com-
pany. and we found that it was possible to predict their
activities within about a factor of 3.26 Here, we report
an analysis of the bone resorption activity of a larger
range of compounds, consisting of arylalkyl, aryloxy-
alkyl, arylsulfanylalkyl, and heterocyclic (imidazole,
thiazole, triazole, and pyrazole) bisphosphonates, which
display a broad range of structural diversity and activ-
ity.

Initially, we carried out a quantitative structure—
activity relationship analysis of 86 compounds reported
by Widler et al.! to have specific (i.e., not greater than)
activities, using the molecular field analysis (MFA)
method.?” For the alignment of the side chains of these
compounds, we used the crystal structure of geranyl
pyrophosphate (GPP) bound to farnesyl pyrophosphate
synthase,?® and for the positions of the nitrogens we
used the crystal structure of risedronate, aligned to
geranyl pyrophosphate. After some adjustments to
achieve the best alignment for all compounds, we
obtained an R? of 0.558, a cross-validation K., 0f 0.491
and an F-test of 25.6. These results indicated a poor
correlation between the experimental activity and that
predicted using the MFA method. Consequently, we
decided to focus our study on the two major groups of
compounds investigated by Widler et al.: the aryl-X
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Figure 1. Structures of the 29 aryl-X bisphosphonates
investigated. The designations in parentheses are those used
by Widler et al. (ref 1).

derivatives of pamidronate (and one derivative of alen-
dronate) and the heterocyclic bisphosphonates, to try
to isolate possible deficiencies in our initial approach.

Aryl-X Bisphosphonates. We show in Figure 1 the
structures of the 29 aryl bisphosphonates whose activi-
ties in inhibiting bone resorption were reported by
Widler et al.! The structures shown in Figure 1 are
listed (left to right and top to bottom) in order of
decreasing activity. Only compounds having discrete
activities are presented. To facilitate comparison with
the published results, the code designations used by
Widler et al. are shown in parentheses in Figure 1. All
of these compounds are analogues of pamidronate or
alendronate.

POsH POSH,
HN-(CHol,—E-OH HaN—(CH)s—-OH
POsH, POH,

Pamidronate Alendronate

The experimentally determined activities of com-
pounds 1--29 are shown in Table 1 and cover a very
wide range in activity (EDsp values from 0.33 to 7500
uglkg). The EDsg values are taken directly from Widler
et al. and are expressed in ug/kg, while the pICsq values
are those we have estimated assuming a rat density p
= 1, using the relation pICsy = —log (ICs0,M). This
approximation is necessary for accurate QSAR investi-
gations since the molecular weights of the compounds
investigated differ considerably. The compounds of
interest contain a broad range of nitrogen substitutions,
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Table 1. Experimental (EDsg and pICsg) and MFA Predicted (pICsp)

Statistical Results of 3D-QSAR MFA Models

Kotsikorou and Oldfield

Values for Bisphosphonates against Bone Resorption and

experimental activity predicted pICso?
EDsg training
compound? (ug/kg) pICso set four-compound test sets

1 (51) 0.33 9.209 8.635 8.632 8.669 8.691 8.624 8.620
2 (4j) 0.4 8.979 8.494 8.491 8.512 8.550 8.487 8.473
3 (5d) 0.5 8.885 8.716 8.714 8.754 8.773 8.708 8.700
4 (56) 0.6 8.835 8.306 8.298 8.333 8.354 8.292 8.309
5(4g) 0.7 8.778 8.489 8.482 8.525 8.539 8.475 8.480
6 (5p) 0.7 8.741 8.566 8.559 8.601 8.618 8.553 8.541
7 (4d) 1 8.586 8.637 8.633 8.671 8.692 8.627 8.616
8 (4i) 1.0 8.565 8.368 8.360 8.393 8.417 8.355 8.356
9 (5¢) 1.2 8.488 8.383 8.378 8.401 8.435 8.374 8.373
10 (5h) 1.2 8.546 8.626 8.622 8.667 8.680 8.616 8.621
11G5g 1.3 8.506 8.472 8.466 8.503 8.524 8.461 8.467
12 (4b) 1.4 8.407 8.395 8.387 8.417 8.446 8.382 8.370
13 (4f) 1.5 8.405 8.651 8.649 8.686 8.708 8.643 8.638
14 (5a) 1.5 8.402 8.450 8.443 8.470 8.502 8.438 8.416
15 (5b) 1.7 8.385 8.303 8.293 8.326 8.350 8.287 8.281
16 (5¢) 1.7 8.369 8.731 8.729 8.771 8.789 8.723 8.715
17 (51) 4 7.997 8.432 8.428 8.444 8.487 8.425 8.408
18 (5q) 7 7.741 8.439 8.434 8.465 8.491 8.429 8.434
19 (5s) 7.8 7.745 8.425 8.419 8.453 8.476 8.413 8.420
20 (5j) 10 7.624 7.416 7.365 7.511 7.412 7.348 7.423
21 (4e) 15 7.405 7.293 7.241 7.376 7.287 7.225 7.299
22 (40) 20 7.253 6.580 6.581 6.574 6.580 6.581 6.586
23 (4k) 20 7.306 7.418 7.367 7.513 7.413 7.350 7.427
24 (5i) 20 7.142 7.416 7.365 7.511 7411 7.348 7.423
25 (5n) 100 6.609 6.544 6.499 6.570 6.536 6.490 6.637
26 (4a) 300 6.053 6.721 6.721 6.728 6.721 6.720 6.716
27 (5k) 500 5.930 5.943 5.937 5.956 5.948 5.936 6.442
28 (41) 1500 5.436 5.188 5.166 4.946 5.209 5.188 5.173
29 (5m) 7500 4.754 5.047 5.021 4.808 5.063 5.043 5.044
Rece 0.900 0.902 0.901 0.919 0.906 0.886
Fiestd 54.275 46.272 45.278 56.734 48.277 39.946
Re 0.799 0.758 0.713 0.809 0.802 0.766
Ry’ 0.900 0.902 0.901 0.919 0.906 0.886
Ne 5 5 5 5 5 5

N1 29 25 25 25 25 25

2 See Figure 1 for compound structures. Structures in parentheses are from ref 1. © Bold values represent predicted activities of compounds
that were not included in the training set. < Correlation coefficient. ¢ Ratio of &2 explained to unexplained = R¥/(1 — R?). ¢ Cross-validated
correlation coefficient after leave-one-out procedure. / Average squared correlation coefficient calculated during the validation procedure.

¢ Optimal number of principal components. # Number of compounds.

as shown in Figure 1. The most active compounds (1—
6) are all analogues of pamidronate containing one
N-Me group, but the aryl-X side chains differ in overall
length and chemical composition. It is also clear from
even a cursory inspection of Figure 1 that those com-
pounds having the longest side chains (28, 29) are the
ones that are the least active.

We used the molecular field analysis (MFA) ap-
proach?” to develop QSAR models for the compounds
shown in Figure 1 using basically the techniques
described in detail previously.?32426 To guide the mo-
lecular alignment, we utilized the X-ray crystallographic
structure of farnesyl pyrophosphate bound to an avian
farnesyl pyrophosphate synthase.2! This facilitated
positioning of the extended side chains and the align-
ment so obtained is shown in Figure 2. We also utilized
the crystallographic structure of risedronate,?? docked
onto geranyl pyrophosphate, to localize the positions of
the nitrogen atoms in the aryl bisphosphonates. A
second and less successful approach, in which the
alignment was guided by the crystallographic structure
of geranyl pyrophosphate bound to FPP synthase, was
also investigated, and is described in more detai! below.
In all cases, the nitrogens in the bisphosphonate side
chains were protonated, while the bisphosphonate phos-

phonate groups each carried a single negative charge.
This is the pattern of protonation which has been found
in several single-crystal X-ray diffraction studies of
bisphosphonates crystallized in the pH range ~4-
10,3629 and is also what we used previously.?3:2426
Bisphosphonate structures were generated and geom-
etry optimized by using a three-step protocol consisting
of steepest descents,3" conjugate gradients,3! and New-
ton—Raphson minimization,® with no constraints on the
internal geometries of the molecules, using the mini-
mizer function of the OFF methods module in Cerius?
4.6.33 Each molecule was aligned to the shape reference
compound, farnesyl pyrophosphate, using the shape
reference alignment function of the QSAR module of
Cerius? 4.6. A second set of alignments was made by
using a set of fully extended aryl side chains.

MFA 3-D QSAR methodology was then applied to the
bone resorption inhibition data, to help identify the
structural features required for optimum bone resorp-
tion activity. We applied a regression analysis to the
data, leading to eq 1:

pIC;,=5.137 '~ 0.021(“H"/326") + 0.052(“CH,/335") —
0.073(“H*/514") — 0.041("H*/564") (1)
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Figure 2. Maximum common subgroup alignment of the 29
aryl-X bisphosphonates that had quantitatively measurable
activities, together with the locations of the four descriptors
given ineq 1.

where the H* descriptors define the corresponding
interaction energies between a proton probe and the
molecule at the specified (numbered) grid points; see
Figure 2 for their locations. The CHg descriptor defines
the corresponding interaction energy between a hydro-
phobic probe and the molecule at the specified (num-
bered) grid point, as described by a Lennard-Jones 6—12
potential. The descriptor positions and coefficients in
the 3D-QSAR/MFA equation were chosen by using a
genetic function approximation (GFA) algorithm.3* The
genetic function approximation involves starting with
an initial population of random equations, which are
then allowed to evolve by application of crossover
operations such that terms from models with the best
fit will most likely occur in the “offspring” models. Best-
fit models are retained, while poor-fit models are
replaced with subsequent generations. The optimal
number of components in the final GFA model was
determined by cross validated RZ values (RZ%.), as
obtained from the leave-one-out cross validation tech-
nique, standard error prediction values, and also by
F-test values. An MFA model containing the five
components shown above afforded a correlation coef-
ficient K2 = 0.900 and a cross-validation K%, of 0.80.
These statistical parameters are given in Table 1,
together with the experimental and predicted pICsy
values. Training set results for the 29 compounds are
shown graphically in Figure 3A, and a confidence limit
of 95% was established by using the data randomization
procedure in Cerius? 4.6.

Next, we investigated to what extent it might be
possible to predict the activities of such aryl-X bispho-
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Figure 3. Graphical comparisons between experimental and
predicted pICsq values for bone resorption inhibition. A, 29-
compound training set. B, superposition of five, four-compound
test sets. For the test set, &£ = 0.854.

sphonates by using the MFA approach. We followed
basically the same approach as that reported previ-
ously,?4%8 in which we deleted four compounds from the
overall training set of 29 compounds, then we used the
reduced training set of 25 compounds to compute new
MFA equations, which were then used to predict the
activities of the four test set compounds. This procedure
was repeated four more times using different training
set compounds, resulting in five sets of four compound
predictions (V= 20). The five sets of results are shown
in Table 1, with the predicted activities shown in bold.
The five new QSAR equations utilized were very similar,
and were as follows:

pICs,=5.123 — 0.022("H*/326") + 0.052(*CH,/335") —
0.073(“H*/514") — 0.040(“H*/564") (2)

PIC;=5.074 — 0.021(“H"/326") + 0.053(“CH,/335") —
0.079("H*/514") — 0.043(“H*/564") (3)
pIC;=5.109 — 0.023(“H'/326") + 0.054(“CH,/335") —
0.074(“H"/514") ~ 0.041(“H*/564") (4)

pICs= 5.129 — 0.023(“H*/326) + 0.052(“CH,/335") —
0.073(“H"/514") — 0.039(“H*/564") (5)

pICs,= 5.224 — 0.021("H*/326") + 0.052(“CH,/335") —
0.073(“H*/514”) — 0.027(“H*/564") (6)
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Table 2. Comparison of Statistics of Bent Aryl-X versus
Linear Bisphosphonates

statistics bent (FPP-like) linear
Rea 0.900 0.853
Fiest® 54.275 34.904
Rec 0.799 0.757
R 0.900 0.853
Ne 5 5
N 29 29

4 Correlation coefficient. ¢ Ratio of R explained to unexplained
= R?/(1 ~ RP). < Cross-validated correlation coefficient after leave-
one-out procedure. ¢ Average squared correlation coefficient cal-
culated during the validation procedure. #Optimal number of
principal components. “Number of compounds.

The predicted activities for the 20 test set compounds
are shown graphically in Figure 3B, plotted as a
function of the experimental pICsg values. For these 20
compounds, the average absolute error in pICsg predic-
tion is 0.319, which corresponds to about a 2.1x error,
in this case covering a 4000x range in experimental
activity. This is similar to the 2.8x error found previ-
ously (over a similar range in activity) for a series of
aminomethylene and 1-hydroxybisphosphonates which
lack the long aryl-X side chains.26

We also investigated a second alignment of molecules
1-29, in which the alignments of the side chains of the
compounds were guided by the X-ray crystal structure
of geranyl pyrophosphate bound to FPP synthase.?8 This
alignment performed well for the shorter chain com-
pounds, but not for the longest compounds (28 and 29).
Their side chains adopted an essentially all-trans
conformation, since this is the expected lowest energy
conformation. With this alignment there was a notice-
able degradation in each of the statistical parameters
computed, as shown in Table 2. Specifically, the R value
decreased from 0.900 to 0.853, the F-test value de-
creased from 54.3 to 34.9, and the R2, decreased from
0.799 to 0.757. These results strongly suggest that the
longer arylalkyl and related side chains bind in the
“bent” or “curved” manner exhibited by farnesyl pyro-
phosphate when bound in the FPP synthase active
site.?® We show in Figure 4 an illustration of the
conformations of geranyl and farnesyl pyrophosphate
in the active site of farnesyl pyrophosphate synthase
{Figures 4A, 4C), together with both extended (Figure
4B} and bent {Figure 4D) structures of 29. The activities
of the least active compounds are quite well described
using this bent structure (4D), as shown in Table 1, and
as noted above, all the training set statistics are
improved with this alignment. These results imply that
fully extended long aryl-X side chains will encounter
strong repulsive interactions with the protein, The
longer chain inhibitors thus conform to the “bent” FPP
structure in the FPP synthase binding site. However,
even in this bent conformation, 28 and 29 are still very
poor inhibitors of bone resorption, which strongly sug-
gests that there is still a repulsive or steric interac-
tion with the protein, resulting in relatively weak
binding, rather than an enhanced hydrophobic stabili-
zation, due to the increased chain length. This can,
however, be readily understood based on the results of
several mutagenesis studies. For example, it has been
shown that there are two pheny! groups in FPP syn-
thase which when converted to the smaller Ala and
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Figure 4. Conformations of A, GPP (PDB File 1UBW); B, 29,
extended alignment; C, FPP (PDB File 1UBX); and D, 29,
alignment based on C.

Ser groups, permit chain elongation from Cjs5 to Cgo.28
These two Phe groups appear to provide a steric block
to chain elongation, and it seems likely that they
may also have a repulsive interaction with the long
arylalkyl side chains of 28 and 29, resulting in the
high (1500, 7500 ug/kg) EDsp values, Table 1. A related
effect also appears to be operative in geranylgeranyl
pyrophosphate synthase (GGPP synthase), where en-
gineering an MS — YF mutation in the same region
results in conversion of GGPP to FPP synthase activ-
ity.37

As can be seen in the data of Widler et al.,! the shorter
chain aryl-X compounds having 5—-6 heavy (i.e., carbon,
nitrogen, oxygen, or sulfur) atoms in the side chain
linker (and containing an N-Me substituent) typically
have somewhat less activity than do slightly longer
chain compounds, and maximal activity (0.33—0.5 ug/
kg) is seen with 1-3, which all have seven heavy atoms
(plus a phenyl) in their side chain. This corresponds to
a chain length longer than that which would be found
in the GPP substrate or reactive intermediate. That is,
optimum activity is found with species having chain
lengths close to that of FPP, but not much longer, where
repulsive interactions occur. Shorter chains are less
active, presumably due to decreased hydrophobic sta-
bilization in the active site.

Heterocyclic Bisphosphonates. Next, we describe
our QSAR results for a series of heterocyclic bisphos-
phonates. The structures of the 26 compounds consid-
ered (30—55) are shown in Figure 5, together with the
designations (in parentheses) used by Widler at al.! The
activities of the compounds are, once again, taken
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Flgure 5. Structures of the 26 heterocyclic bisphosphonates investigated. The designations in parentheses are those used by

Widler et al. (ref 1).

directly from the paper of Widler et al. and are repro-
duced as EDsp (ug/kg) values and as transformed pICso
values, in Table 3. The compounds investigated have
quite bread structural diversity in that activities for
both aminomethylene bisphosphonate and 1-hydroxy-
1,1-bisphosphonate backbones, together with imidazole,
thiazole, triazole, and pyrazole side chains have been
reported, with activities covering a 10 000x range (or
>100 000x if the “inactive” benzannulated species are
considered).

We began our investigation of these compounds using
the structures of geranyl pyrophosphate and risedronate
to guide the alignment. The phosphonate moieties each
contained one protonated and two nonprotonated oxy-
gens (the same as with the aryl-X bisphosphonates), and
the ring nitrogens were all protonated. This basic motif
has been used successfully by us in the past?6 to predict
the activities of a small set of, primarily, pyridyl
bisphosphonates, but with this more diverse set of
compounds, the initial training set results were poor.
While it might be that our alignment procedure was
inadequate, such problems had not been observed
previously, so we hypothesized that this poor agreement
between experiment and prediction might in fact be
due to an inappropriate choice of protonation states

for these new heterocycles. For example, it is known
that thiazoles and triazoles® are very weak bases (pKX
~3). unlike imidazoles (pK, ~7.2), so it seemed likely
that the low activity of compounds such as 52, 54, and
55 might be related to their weak basicity. However,
some thiazoles, for example 33, 36, 37, 38, and 39, have
quite pronounced activity. The difference between the
active thiazoles and the most inactive species, at least
to first order, would thus appear to be due to the
presence of either a-NH protonation (or amidinium-like
structures) in the most active thiazoles, which would
be absent in the least active compounds, although other
factors, such as the presence of an unbranched 4’-
substituent, also appear to contribute to high activity.
In any case, to test the protonation state hypothesis,
we next computed QSAR equations using structures in
which imidazolium groups were ring-protonated, ami-
nothiazoles were protonated on the a-N, while the
triazole and non-amino-substituted thiazoles were not
protonated.

PO;3H; POH PO3H;, PO3H;
H \/N\/QOH C S8y POt N N\/QOH Q\j/\(
PO3H, PO3H, PO;H, S POsH,
30(61) 42(8a) 54(6n) 52(9a)
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Table 3. Experimental (EDso and pICsg) and MFA Predicted (pICsg) Values for Bisphosphonates against Bone Resorption and

Statistical Results of 3D-QSAR MFA Models

experimental activity predicted pICso®
compound? EDso (ug/kg) plCso training set four-compound test sets

30 (61) 0.07 9.617 9.162 9.135 9.238 9.060 9.129 9.277
31 (6d) 0.3 8.958 9.281 9.253 9.359 9.177 9.242 9.399
32 (6b) 0.6 8.705 8.134 8.080 8.211 8.026 8.156 8.226
33 (8f) 0.9 8.565 8.378 8.452 8.365 8.384 8.355 8.424
34 (6h) L.5 8.287 7.958 7.977 7.915 8.105 7.835 7.984
35 (6D 1.5 8.301 7.746 7.799 7.735 7.744 7.758 7.780
36 (8¢c) 1.5 8.290 8.370 8.446 8.355 8.376 8.347 8.415
37 (8d) 1.5 8.317 8.376 8.450 8.362 8.382 8.353 8.421
38 (8e) 2 8.211 8.377 8.451 8.363 8.383 8.354 8.422
39 (8h) 2.7 8.146 8.378 8.452 8.364 8.384 8.355 8.424
40 (6k) 3 7.979 7.982 7.995 7.944 8.123 7.860 8.012
41 (6a) 5 7.750 8.266 8.208 8.349 8.151 8.283 8.365
42 (8a) 5 7.739 7.126 7.054 7.197 7.019 7.200 7.193
43 (8k) 5 7.734 7.210 7.342 7.245 7.077 7.234 7.235
44 (66) 15 7.294 7.828 7.885 7.817 7.827 7.835 7.863
45 (6e) 20 7.176 6.940 6.895 6.925 7.046 6.881 6.959
46 (6¢) 25 7.187 7.150 7.299 7.171 7.033 7.172 7.165
47 (6)) 45 6.803 6.844 6.797 6.830 6.949 6.791 6.862
48 (81) 75 6.732 7.198 7.329 7.234 7.064 7.223 7.223
49 (8b) 100 6.460 7.112 7.041 7.182 7.006 7.187 7.178
50(8¢g 200 6.199 5931 5.925 5.931 5.907 6.043 5.930
51 (8m) 200 6.222 5.938 6.099 5.865 6.039 5.880 5.879
52 (9a) 200 6.135 6.320 6.242 6.381 6.222 6.434 6.363
53 (8j) ~500 5.711 6.505 6.558 6.462 6.610 6.445 6.488
54 (6n) 600 5.658 5.583 5.506 5.566 5.683 5.596 5.571
55 (9b) 700 5.619 5.705 5.622 5.697 5.797 5715 5.701
Ree 0.873 0.902 0.879 0.899 0.865 0.876
Frest? 35.991 39.158 30.814 37.803 27.267 30.034
R 0.809 0.846 0.802 0.827 0.775 0.799
Ry 0.873 0.902 0.879 0.899 0.865 0.876
Ne 5 5 5 5 5 5

Nn 26 26 26 26 26 26

@ See Figure 5 for compound structures. Structures in parentheses are from ref 1. ® Bold values represent predicted activities of compounds
that were not included in the training set. ¢ Correlation coefficient. ¢ Ratio of R? explained to unexplained = R¥(1 - K. ¢ Cross-validated
correlation coefficient after leave-one-out procedure. f Average squared correlation coefficient calculated during the validation procedure.

¢ Optimal number of principal components. # Number of compounds.

We then computed QSAR equations using the MFA
technique and the alignment shown in Figure 6. We
obtained the following MFA QSAR equation:

plCso=7.781 — 0.052(“CH,/156") -+ 0.050(“H*/227") +
0.021(“H*/294") ~ 0.032(“CH4/365") (7)

The spatial locations of the grid points are shown in
Figure 6 and the detailed training set prediction results
are shown in Table 3. The statistical results so obtained
are compared with those obtained by using uniformly
protonated rings in Table 4, where it can be seen that
there is a marked improvement using the revised
protonation scheme. For example, the R? value increases
from 0.710 to 0.873, the cross-validated R2, increases
from 0.629 to 0.809, and the Ftest result increases from
18 to 36.

The new training set predictions are shown plotted
as a function of the experimental pICsq values in Figure
7A. These results are somewhat worse than those
obtained with the aryl bisphosphonates, but they nev-
ertheless do suggest predictive utility. To test this idea
further, we again carried out five training (V= 22)/test-
(N = 4) set calculations for a total of 20 activity
predictions, shown in bold in Table 3 and graphically

in Figure 7B. The MFA equations so derived were the
following:

pICsy= 7.737 ~ 0.049(*CH,/156") + 0.052("H*/227") +
0.020(“H*/294") — 0.025(*CH,/365") (8)

pICso= 7.815 — 0.055(“CH,/156") + 0.050(“H*/227") +
0.023(“H*/2947) — 0.034(“CH,/365") (9)

pICsy= 7.776 — 0.048(“CH,/156") + 0.051(“H"/227") +
0.017("H*/294") — 0.032(“CH,/365") (10)

pICso=7.750 — 0.050(“CH,/156") + 0.047(“H*/227") +
0.022(“H*/2947) ~ 0.032("CH,/365) (11)

pICso = 7.844 — 0.055("CH,/156") + 0.051(“H*/227") +
0.022("H'/294") — 0.034(“CH,/365") (12)

and show considerable similarity. For the N = 20 test
set prediction, we found using these MFA equations an
average absolute error of 0.39 in the plCsq predictions,
which corresponds to about a factor of 2.5x average
error over the 2000x range in predicted activity. This,
once again, indicates that the MFA technique appears
to have utility in predicting EDsp values even in as

30
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* H/227

Figure 6. Maximum common subgroup alignment of the 26
heterocyclic bisphesphonates that had quantitatively measur-
able activities, together with the locations of the four descrip-
tors given in eq 7.

Table 4. Comparison of Ring Protonated versus Selectively
Protonated Heterocyclic Bisphosphonate MFA Statistics

statistics ring protonated selectively protonated
Rea 0.710 0.873
Frea® 17.991 35.991
R.c 0.629 0.809
Reos? 0.710 0.873
A% 5 5
N 26 26

# Correlation coefficient. # Ratio of R explained to unexplained
= RP/(1 ~ R?). ¢Cross-validated correlation coefficient after leave-
one-out procedure. ¥ Average squared correlation coefficient cal-
culated during the validation procedure. ¢ Optimal number of
principal components. /Number of compounds.

complex a system as bone resorption, although it is
equally clear that additional information on protein
crystal structures will be desirable to clarify more
precisely how these inhibitors function. For example,
while it seems very likely that the long aryl-X com-
pounds are GPP mimics, the small heterocycles might
also inhibit at the isopentenyl diphosphate (IPP) site
(or both GPP and IPP sites), as suggested recently for
risedronate.?!?2 Nevertheless, when both the aryl-X and
heterocyclic predictions are combined, Figure 7C, it is
clear that quite accurate activity predictions (2.3x
average error) can now be made.

pKa-Activity Correlations. The results described
above suggest an important relationship between the
pKa of the heterocycle ring and activity. While this is of
course not wholly unexpected, the relationship appears
not to have been previously reported with bisphospho-
nate drugs and in fact only becomes apparent when data
on a wide range of compounds, such as the thiazoles,
pyrazoles, etc., is available, as exemplified in the recent
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Figure 7. Graphical comparisons between experimental and
predicted pICso values for bone resorption inhibition. A, 26-
compound heterocyclic training set. B, Superposition of five,
four-compound heterocyclic test set predictions. C, Superposi-
tion of the five, four-compound test sets for both aryl-X and
heterocyclic bisphosphonates (V= 40). For the heterocyclic
test set B, k& =0.784. For the combined test sets, k% = 0.824.

work of Widler et al. Here, then, we explore this topic
in more detai] and try to put on a somewhat more firm
foundation some of the very interesting (and at first
sight, puzzling) recent results. Moreover, we extend the
investigation to bisphosphonates investigated by other
groups to further test some of these ideas, which if
correct, may have important implications for bisphos-
phonate drug design.

We show in Figure 8 the structures and pK, values
computed by using SciFinder Scholar/ACD software?®
of nine heterocycles which form the side chains of

2\
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Figure 8. Structures of nine heterocycles with their computed
pKa values and an indication of the activities of the derived
bisphosphonates.

bisphosphonates having a wide range of activity in bone
resorption, and in some cases as herbicides.?! The free
base compounds are ordered by increasing basicity.
Comparison of these computed heterocycle pK; values
with the corresponding bisphosphonate activity results
reported by Widler et al.! immediately helps explain
many of the rather puzzling activity results obtained.
For example, Widler et al. note that the 2-aminothiaz-
olyl derivative 42 (their 8a) has a potency comparable
to that of alendronate, or at least 10 times that of
pamidronate, but unexpectedly, replacement of the
nitrogen linker atom of the thiazole by a methylene or
sulfur bridge led to species (52, 55) which were much
less potent. We propose this is related to the basicity of
the heterocycle rings. Specifically, the pK, of free
thiazole (56) is 2.44,%840 5o S- and CH,-linked bispho-
sphonates will be unprotonated, lacking the key positive
charge feature required for carbocation-mimicry. On the
other hand, the bisphosphonate (42) derived from
2-aminothiazole (60), whose parent base has a pK, of
5.36, would likely be protonated on the a-N, with some
resonance stabilization, and would consequently be
active. Similarly, low pK, values are found with the free
pyrazole 57 (basic pK, = 2.46) and the 1,2 4-triazole
58 (basic pK, = 2.55), and the corresponding bisphos-
phonates are inactive.! Specifically, the EDsy for a
pyrazole bisphosphonate (6m in ref 1) is >300 ug/kg
while that for the triazole bisphosphonate 54 is 600 ug/
kg, since in the absence of a linker nitrogen there is
unlikely to be any positive charge feature. The low
basicity of such triazoles is also confirmed in studies of
phospholipase A; and in lysozyme in which 1,2,4-triazole
alanine was substituted for histidine.*23 On the other
hand, 59—-62 all have pK, values in the range ~5—7,
and the derived bisphosphonates are generally all very
active and include species such as risedronate and
zoledronate (30). These results strongly support the idea
that a pK, for the heterocyclic ring in the range ~5—7
is likely to support high activity, due to carbocation
formation, although certainly it is necessary to have the
protonatable group in a suitable location. For example,
the para pyridyl analogue of risedronate has generally
low activity.*! However, the presence of a para nitrogen
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in a phenyl ring, as opposed to an ortho or meta
nitrogen, does not in and of itself guarantee low activity.
For example, 63 (Figure 8) has a para nitrogen but is
very basic, with a pK; of 9.11, and the corresponding
aminomethylene bisphosphonate was found by Nissan?!
to be one of the most potent herbicidal bisphosphonates
investigated, many of which are known low nM inhibi-
tors of FPP synthase (such as analogues of 61). This
activity is likely to be due to the large charge delocal-
ization which can be expected in the quinonoid-like
structure, shown on the left below, in much the same
way that charge delocalization can occur in the ami-
dinium-like species which can be formed for 61 with the
NHR NHR NHR

®
NHR
A Hc;])\ HN
(o) =~ (] L) -~ "
N N
H H

charge being highly delocalized over the entire ring in
these quinonoid-like species, as shown above.
Paradoxically, having an exceptionally basic nitrogen
may contribute to decreased activity. Specifically, Widler
et al.! note that most of the aminomethylene bisphos-
phenates containing imidazolyl groups are “surprisingly
less interesting” with 33 (the unsubstituted species)
having an activity of ~500 ug/kg, to be compared with
the 0.07 ug/kg of zoledronate (30). One possible expla-
nation for this extremely low activity may lie in the fact
that the predicted pK, of the parent compound (64) is
~11.4. In this case, the side chain will readily protonate
and form a guanidinium-like species. While the charge
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here will be delocalized, it may result in bisphosphonate
species which are poorly transported into the cell, since
they may be incapable of deprotonation. Addition of an
N-Me group increases activity, as found in all of the
N-Me pamidronate aryl-X species, and may contribute
to hydrophobic stabilization, although the N-benzyl and
N-phenyl species (48, 51) are less active, due perhaps
to steric repulsion in the active site.

While admittedly qualitative, we nevertheless believe
that the major patterns of activity seen by Widler et al.
for heterocyclic bisphosphonates can now be correlated
with well-known pX; values. The poor bases (pK; < 3):
thiazoles, pyrazoles, and triazoles, are all inactive.
However, species with pK, values in the range =~ 5-9
can be very active. This is well illustrated by the
conversion 52 —~ 42, where a 40x increase in activity
can be correlated with a pK, change from 2.44 (56) to
5.36 (60), for the parent bases. However, species which
cannot deprotonate (43, 48, 51, and 53) are clearly in
the less active category, although it is likely that if
transported, they will be good inhibitors of FPP syn-
thase, something which can be tested in future work.
With benzannulated thiophenes and imidazoles, activity
is very low (>3000 and 10000 ug/kg, respectively).
While activity might be expected with the benzthiazol-
2-yl aminomethylene bisphosphonate, the C2-substitu-
tion most likely causes a steric repulsion with the

1T
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protein, as is found in the isosteric minodronate deriva-
tive.43 In the benzimidazol-2-yl aminomethylene bis-
phosphonate (80 in ref 1), this steric effect is com-
pounded with the proposed guanidinium fixed-charge
effect, resulting in an EDsq of >10 000 ug/kg.

Pharmacophore Modeling. In addition to these
molecular field analysis investigations, we used phar-
macophore modeling to investigate structure—activity
relationships for bisphosphonates in inhibiting bone
resorption. We used the Catalyst approach,* in which
up to 255 conformations of each molecule can be
investigated, to develop a series of pharmacophore
hypotheses. We used the structure/protonation files
developed for the MFA analysis to generate a series of
Catalyst pharmacophore hypotheses for both the aryl-X
and heterocyclic bisphosphonates. The top scoring Cata-
lyst hypotheses all contained two negative ionizable
groups and a positive charge feature. For the aryl
bisphoesphonates, we added a custom feature, an aro-
matic ring attached to an alkyl chain via a sulfur or
oxygen atom, while for the heterocyclic bisphosphonates,
we added a custom ring feature, generating the phar-
macophore hypotheses shown in Figures 9A and 9B,
superimposed on 12(A) and 30(B). The two pharma-
cophore hypotheses are shown superimposed in Figure
9C. The two pharmacophores are clearly quite similar
with respect to the location of the negative ionizable and
positive charge features but, of course, the locations of
the ring features (shown as green spheres) necessarily
differ in the two set of compounds.

The training set activity predictions for both sets of
molecules (1-29; 30—55) are shown in Tables 5 and 6
and are somewhat worse than those obtained by using
the MFA method, with R? values in the range 0.83—
0.85, to be compared with 0.87-0.90 (Tables 1, 3).
Likewise, the test set results (on the same two sets of
20 compounds as used in the molecular field analysis,
Tables 1 and 3) shown in Tables 5 and 6 were less well
correlated with experiment, with error factors of ~2.9—
3.4 being found.

And finally, in an effort to make these basic QSAR
approaches more synthetically useful, we have begun
to explore the possible utility of a comparative molecular
similarity indices analysis (CoMSIA)4? of the results
since it has been argued that CoMSIA contour maps
may provide a useful graphical approach to drug design.
We followed the MFA alignment protocol described
above but used the Tripos Sybyl 6.8 program? for the
CoMSIA analysis. The training set results were rela-
tively predictive (average errors ~4.3~5.9) but more
importantly yielded the CoMSIA contour maps shown
in Figure 10 for the steric (A,D), electrostatic (B,E) and
hydrophobic (C.F) interactions for the aryl-X (A,B,C) and
heterocyclic (D,E,F) compounds. For the steric interac-
tion, green represents a favorable interaction, yellow
unfavorable. For the electrostatic interaction, blue is
favorable for more positive charge density in the ligand
while red is favorable for more negative charge density
in the ligand. For the hydrophobic interaction, orange
represents a favorable hydrophobic interaction; white
denotes an area of unfavorable interaction.

For the aryl-X compounds, the hydrophobic interac-
tion (C) dominates (59%) followed (A) by the steric
contribution (31%), and the location of these features
clearly correlate with the (favorable) presence of the
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Figure 9. Catalyst pharmacophore hypotheses for bone
resorption inhibition by aryl-X and heterocyclic bisphospho-
nates. The blue spheres represent negative ionizable features,
the red spheres positive charge features, the green spheres
custom hydrophobic features. In A, the green sphere represents
an aromatic ring attached to a hydrophobic chain, in B, it
represents an aromatic ring carbon. The pharmacophores are
superimposed in A on compound 12(4b), in B, on compound
30(61), zoledronate. C is the superposition of the two phar-
macophores.

aromatic residues in the medium chain length com-
pounds, Figure 10A,C. The red feature in Figure 10B
indicates a favorable negative electrostatic feature in
the region where the sulfur or oxygen atoms of the
compounds are located, consistent with the observation
that the thio analogue 1 is the most active species seen
in this series.

For the heterocyclic bisphosphonates, the hydrophobic
interaction (F) is still large {41%) but the electrostatic
interaction has increased considerably, to 32%. The
corresponding CoMSIA contour maps are shown in
Figures 10E,F. Quite clearly, the hydrophobic (E) and
steric (D) contour maps suggest that ring substitution
might be beneficial. The yellow feature in Figure 10D
represents a repulsive interaction found with some side
chains (e.g., in 46, 48).
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Table 5. Experimental (EDsg and pICsg) and Catalyst Predicted (pICso) Values for Bisphosphonates against Bone Resorption and

Statistical Results

experimental activity predicted pICsp?
compound EDsg (eg/kg) pICso training set four-compound test sets

1 (5r) 0.33 9.209 8.489 8.763 8.497 8.648 8.502 8.686
2 (4j 0.4 8.979 8.474 8.581 8.326 8.502 8.542 8.540
3 (5d) 0.5 8.885 8.192 8.584 8.121 8.542 8.291 8.407
4 (56 0.6 8.835 8.355 8.358 8.291 8.291 8.477 8.409
5(4g 0.7 8.778 8.351 8.368 8.301 8.368 8.410 8.393
6 (5p) 0.7 8.741 8.183 8.307 8.355 8.264 8.264 8.188
7 (4d) 1 8.586 8.322 8.331 8.331 8.206 8.243 8.285
8 (4i) 1.0 8.565 7.963 8.286 8.060 8.310 8.363 8.310
9 (5¢) 1.2 8.488 7.908 8.225 8.266 8.120 8.370 8.337
10 (5h) 1.2 8.546 8.280 8.395 8.450 8.395 8.541 8.480
11(5g) 1.3 8.506 8.382 8.240 8.341 8.319 8.377 8.444
12 (4b) 14 8.407 7.944 7.702 7.650 7.512 7.540 7.696
13 (4f) 1.5 8.405 8.293 8.326 8.183 8.326 8277 8.259
14 (5a) 1.5 8.402 8.036 8.499 8.256 8.374 8.502 8.536
15 (5b) 1.7 8.385 8.241 8.273 8.293 8.315 8.257 8.360
16 (5e) 1.7 8.369 8.485 8.237 8.520 8.184 8.298 8.423
17 (51) 4 7.997 8.334 8.081 8.201 8.108 8.243 8.081
18 (5q) 7 7.741 8.115 8.171 8.307 8.081 8.132 8.109
19 (5s) 7.8 7.745 7.935 8.407 8.523 8.359 8.407 8.491
20 (5j) 10 7.624 7.719 8.624 8.544 8.544 8.581 8.679
21 (4e) 15 7.405 8.022 8.351 8.303 8.201 8.323 8.377
22 (4¢) 20 7.253 7.843 8.173 8.211 8.106 8.351 8139
23 (4k) 20 7.306 7.873 8.227 8.528 8.115 8.239 8.493
24 (51) 20 7.142 8.214 8.239 8.188 8.267 8.433 8.297
25 (5n) 100 6.609 7.247 7.752 7.495 7.640 7.451 7.405
26 (4a) 300 6.053 6.705 7.489 7.557 7.300 7.166 7.384
27 (5Kk) 500 5.930 5.694 5.689 5.633 5.656 5.653 5.656
28 (41) 1500 5.436 5.798 5.639 5.621 5.625 5.665 5.639
29 (5m) 7500 4.754 5.683 5.670 5.638 5.638 5.660 5.629
R2b 0.85 0.73 0.66 0.74 0.72 0.71

Ne 29 25 25 25 25 25

2 Bold values represent predicted activities of compounds that were not included in the training set. ¢ Correlation coefficient for training

set compounds. ¢ Number of compounds.

Table 6. Experimental (EDsp and pICsp) and Catalyst Predicted (pICsg) Values for Bisphosphonates against Bone Resorption and

Statistical Results

experimental activity

predicted pICso?

compound EDso (ug/kg) pICso training set four-compound test sets

30 (6i) 0.07 9.617 8.533 8.538 8.630 8.421 8.349 8.489
31 (6d) 0.3 8.958 8.393 8.393 7.972 8.745 8.443 8.571
32 (6b) 0.6 8.705 8.161 8.161 7.759 8.121 7.965 8.253
33 (8f) 0.9 8.565 8.343 8.440 8.000 8.565 8.288 8.477
34 (6h) 1.5 8.287 8.477 8.463 8.162 8.872 8.500 8.644
35 (61) 1.5 8.301 8.155 8.398 7.864 8.199 8.199 8.1556
36 (8¢c) 1.5 8.290 7.922 8.019 7.891 8.144 7.935 8.019
37 (8d) 1.5 8.317 7.949 8.002 8.477 7.962 7.962 8.031
38 (8e) 2 8.211 8.007 8.211 7.968 8.282 8.211 8.336
39 (8h) 2.7 8.146 7.814 8.347 7.965 8.323 8.323 8.464
40 (6k) 3 7.979 8.507 8.512 8.415 8.377 8.252 8.457
41 (6a) 5 7.750 7.795 7.858 7.836 7.592 7.716 7.733
42 (8a) 5 7.739 7.905 7.991 7.610 8.116 7.906 7.991
43 (8k) .5 7.734 6.902 6.820 6.685 6.800 6.865 6.717
44 (6f) 15 7.294 7.993 8.128 7.857 7.926 7.868 8.039
45 (6e) 20 7.176 7.221 7.508 7.744 7.272 7.513 7.435
46 (6¢) 25 7.187 7.635 8.284 8.041 7.895 7.922 8.017
47 (6)) 45 6.803 7.226 7.377 7.156 7.201 7.415 7.280
48 (81 75 6.732 6.984 7.566 7.227 7.566 7.643 7.781
49 (8b) 100 6.460 6.778 6.380 6.590 6.608 6.735 6.515
50(8g) 200 6.199 6.737 7.199 5.746 6.857 6.819 6.995
51 (8m) 200 6.222 6.807 7.018 6.867 6.703 6.869 6.979
52 (9a) 200 6.135 5.783 5.931 7.018 6.005 5.704 6.021
53 (8j) ~500 5711 6.437 6.632 6.854 6.471 6.618 6.578
54 (6n) 600 5.658 5.591 5.729 5.755 5.696 5.585 5.746
55 (9b) 700 5619 5.774 5.884 5.732 5.831 5.740 5.908
Reb 0.83 0.77 0.80 0.81 0.74 0.73
Ne 26 26 26 26 26 26

“ Bold values represent predicted activities of compounds that were not included in the training set. ¢ Correlation coefficient for training

set compounds. ¢ Number of compounds.

The electrostatic field result, Figure 10E, shows an
interesting feature (in addition to the expected favored
positive charge feature, on the imidazole ring shown),

a negative charge favored region (red) encompassing the
bisphosphonate 1-OH group. This feature is not seen
in the aryl-X CoMSIA contour maps, Figure 10B, since

A
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Figure 10. CoMSIA field analysis contours for A—C: aryl-X bisphosphonates and D—F, heterocyclic bisphosphonates. A, D,
steric field (green, favored; yellow, disfavored). B, E, electrostatic field (blue, favored; red, disfavored). C, F, hydrophobic interactions
(orange, favored; white, disfavored). The CoMSIA field contours are superimposed on 1(5r) in A—C and zoledronate 30(6i) in

D-F.

all compounds in the aryl-X series have this feature in
common. Since this feature is not seen in the CoMSIA
field for FPP synthase itself (unpublished results) it
seems likely that this group is indeed important in
bisphosphonate binding to bone (the “bone hook”). These
CoMSIA contour maps thus augment our pX, and other
QSAR data and may help guide the design of additional
novel species.

Conclusions

The results we have obtained above are of interest
for a number of reasons. First, we have used 3D-QSAR/
MFA techniques to predict the activities of a wide range
of aryl-X (X = alkyl, oxyalkyl, and sulfanylalkyl) sub-
stituted bisphosphonates (pamidronates and one alen-
dronate). Activities can be predicted with an average
error of 2.1x over an overall range in activity of 4000x,
when using crystallographic structural information to
guide the overall molecular alignment. Second, we have
used MFA techniques to predict the activities of a wide
range of heterocyclic bisphosphonates. Activities can be
predicted within a factor of 2.5x over a 2000x range in
activity. Third, we propose that, in general, the activities
of heterocyclic bisphosphonates are strongly related to
the pK, values of the (parent) heterocycle. Thiazole,
triazole, and pyrazole-based bisphosphonates have low
activity since the pK, values of the parent bases are all
low, typically <3. On the other hand, pyridyl-, imida-
zolyl-, and aminothiazole species are all active since they
have (free base) pK, values in the range ~5—9 and can
thus be protonated and therefore act as carbocation
reactive-intermediate analogue FPP synthase inhibi-
tors. For aminoimidazole bisphosphonates, activity is
surprisingly low, but this may be correlated with an
extremely high pK; (~11) which could result in dimin-
ished transport. Fourth, we have used the Catalyst
pharmacophore modeling approach to develop pharma-
cophore hypotheses for bone resorption by bisphospho-
nates. The hypotheses consist of two negative ionizable
groups, a positive charge feature and an aromatic

feature, but with different spatial dispositions of the
aromatic feature in the two classes of compounds.
Activity predictions using this approach are slightly
worse than when using the MFA approach, but are still
quite promising. Fifth, we used a CoMSIA analysis to
investigate the various contributions to activity in both
the aryl-X and heterocyclic bisphosphonates, finding at
least initial evidence for the importance of the 1-OH
“bone hook”.

These results represent the most comprehensive
quantitative structure—activity relationship investiga-
tion of bisphosphonates as bone resorption agents to
date and demonstrate that activities can be predicted
within about a factor of 2.3 (over an overall range in
activity of ~4000x). In addition, for heterocyclic bis-
phosphonates, the results are of considerable interest
since they provide the first insights into structure—
activity relationships at the level of protonation state
or pKa values. This can be expected to facilitate the
further development of novel bisphosphonates and
related systems for a wide variety of therapeutic uses.
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Abstract
Motivation. Bisphosphonates (BPs) are most widely used as agents for treating osteoporosis. They have also
been used for other purposes such as herbicides, anticancer agents, and antiparasitics. Here we report QSAR
models of four BPs datasets based on the 118 structural and biological data we have collected from various
literature sources.

Method. The structures were energy minimized with the MMFF94 force field, then 181 2D and 3D descriptors
were calculated with MOE (Molecular Operating Environment). The step by step multiple regression and
principle analysis were used to generate QSAR models. The predictive power of each QSAR model was
estimated with the leave—one—out (LOO) cross—validation method.

Results. The QSAR model for a dataset of 28 GGPPSase inhibitors ("* = 0.86, rPLoo = 0.82, s = 045, 5100 =
0.51, F = 77.56) is made up of two descriptors. Another dataset of 28 compounds with bioactivities against the
growth of T. Brucei rhodesiense was studied using PCA and reached a model (r* =0.85, Pro0 = 0.79, s = 0.30,
sLoo = 0.35, F = 32.03) with four principle components (PCs). Both the above models have comparable
predictive ability with COMFA model reported by Szabo ef al. The 86 BPs provided by Novartis with in vivo
bio—data of TPTX rats were divided into two datasets. A six PCs model (* = 0.80, r*Lo0 = 0.72, s = 0.44, 5,00 =
0.53, F' = 24.83) elucidated the dataset of 44 compounds in which containing aliphatic linked nitrogen atoms.
The other dataset includes 42 BPs containing a heterocyclic moiety with at least one nitrogen atom. Its PCA
. model (* = 0.80, r’ 00 = 0.71, 5 = 0.46, 51,00 = 0.57, F = 19.99) consists of seven PCs.
Conclusions. A leave—four—out test procedure shows that though the QSAR models based on in vivo bone
resorption pEDs, values cannot provide explicit indications for drug design, their predictive ability for related
compounds is quite good.

Keywords. Bisphosphonate; principal component analysis (PCA); GGPPSase inhibitor; quantitative structure—
activity relationships (QSAR); ICsg; EDsy.

Abbreviations and notations

Bps, bisphosphonates Loo, leave—one—out cross validated correlation

EDsq, the dose of compound administratered sc, which
results in a 50% reduction of the hypercalcemia

# Presented in part at the Internet Electronic Conference of Molecular Design, IECMD 2003.
* Correspondence author; phone: 86—10-82612204; fax: 86-10-62561 822; E-mail: ahxie@home.ipe.ac.cn.
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induced in TPTX rats by 1,25-dihydroxyvitamin D, . Vet = Vour)*

FPPSase, farnesyl pyrophosphate synthase coefficient. ,, % =1 _%(—p—__l?

GGPPSase, geranylgeranyl diphosphate synthase Yact ~ Vomean

ICso, experimental concentration required to reduce 5, root mean square efror. ; _ Z( Vere ~ Vo)? R
activity/proliferation of enzymes/cells/parasites by = ka1
50%

PCA, principal component analysis

f . TPTX, thyroparathyroidectomy
PRED, Ieave—.on.e—out cross valld.at.e d pred{ctlon. SLoo, leave—one—out cross validated correlation root mean
QSAR, quantitative structure—activity relationships

2
Z( Vore =V )2 square error. o Z(y,,,,,,—ym) , n, number of
72, correlation coefficient. r* =1— cale 7 act - d n-k-1

z Voer — y,,,m,,)2 objects; k, number of descriptors

of observations; &, number of descriptors

1 INTRODUCTION

Bisphosphonates (BPs) are the most widely used inhibitors of bone resorption. They all contain
two phosphonate groups attached to a single carbon atom, forming a P-C—P structure.
Bisphosphonates are stable analogs of naturally occurring pyrophosphate—containing compounds,
which now helps to explain their intracellular as well as their extracelluar modes of action. Several
bisphosphonates, e.g., etidronate, clodronate, pamidronate, alendronate, tiludronate, risedronate, and
ibandronate, have been established as effective treatments in clinical disorders such as Paget’s
disease of bone, tumour-associated bone disease, and osteoporosis [1]. Bisphosphonates have also
been repeated for uses as herbcides [2], anticancer agents [3], and antiparasitics [4,5].

Recent studies suggest that bisphosphonates inhibit bone resorption by cellular effects on bone—
resorbing osteoclasts, rather than by purely physicochemical mechanisms. It is likely that BPs are
internalized by osteoclasts and interfere with specific biochemical process and induce apoptosis [6].
In recent work, the site of action has been narrowed down to the mevalonate pathway and the
isoprene pathway.

The exact enzymes of the mevalonate pathway that are inhibited by BPs have not yet been fully
identified. However, incadronate and ibandronate are known inhibitors of squalene synthase, an
enzyme in the mevalonate pathway required for cholesterol biosynthesis [6]. Alendronate and
pamidronate are less potent inhibitors of squalene synthase but can also inhibit sterol biosynthesis,
suggesting that these bisphosphonates may inhibit up stream enzymes of the mevalonate pathway
other than squalene synthase [7].

Several enzymes of the mevalonate pathway such as isoprenoid diphosphate isomerase (IPP
isomerase), farnesyl diphosphate synthase (FPPSase), geranylgeranyl diphosphate synthase
(GGPPSase), and squalene synthase, utilize an isoprenoid diphosphate as a substrate and thus are
likely to have similar substrate binding sites. Thus if nitrogen—containing BPs act as substrate
analogs of an isoprenoid diphosphate, it is likely that these BPs actually inhibit several enzymes of
the mevalonate pathway. FPPSase are the most reported target for many BPs. For example,
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Cromartie and Fisher demonstrated that herbicidal bisphosphonates were potent, low—nanomolar
inhibitors of a daffodil FPPSase [2,8], and Grove ef al. reported that BPs were growth and FPPSase
inhibitors of the primitive eukaryote Dictyostelium discoideum [9].

Several groups [1,3,10,11] have reported that FPPSase was the target of the nitrogen—containing
bisphosphonates in bone, leading to the apoptosis of osteoclasts. The group of Eric Oldfield, which
did a lot of jobs on chemotherapy of parasitic protozoa diseases, reported that bisphosphonates were
in vitro inhibitors of the growth of the causative agents of Chagas’ disease, human East African
trypanosomiasis, visceral leishmaniasis, toxoplasmosis, malaria, and cryptosporidiosis, T. Cruzi,
Trypanosoma brucei rhodesiense, Leishmania donovani, T oxoplasma gondii, Plasmodium
Jalciparum, and Cryptosporidium parvum [4,5]. They also showed that in some of the parasites,
such as T. b. rhodesiense and D. discoideum, the molecular target of some bisphosphonates such as
risedronate is FPPSase and reported 3D-QSAR/CoMFA investigation of bisphosphonate drugs, in
the inhibition of bone resorption as well as the growth of D. discoideum and the bloodstream form
of T. b. rhodesiense [5,12]. Though there are fewer reports, other enzymes, e.g. IPP isomerase,
GGPP synthase, and squalene synthase of the mevalonate pathway, may be also potential targets for
different bisphosphonates.

Eric Oldfield group has investigated the inhibition of a human recombinant GGPPSase by 23
bisphosphonates and six azaptenyl diphosphates. In addition to CoMFA analysis of structure—
activity relationship, the pharmacophore of these GGPPSase inhibitors obtained from Catalyst was
also provided [13].

Though the actual conformations of the bisphosphonates in the FPPSase and GGPPSase active
sites are not yet known, good predictive CoMFA models were obtained using the molecular
mechanics—derived lowest-energy conformers [5,12,13].

Widler et al. reported an extensive structure-activity relationship (SAR) study of
bisphosphonates [14]. Small changes of the structure of pamidronate (compound 2) lead to marked
improvements of the inhibition of osteoclastic resorption potency. Alendronate (compound 3 in
Table 1), with an extra methylene group in the N-alkyl chain, and olpadronate (compound 7), the
N,N—dimethyl analogue, are about 10 times more potent than pamidronate (compound 2).

Extending one of the N-methyl groups of olpadronate to a pentyl substituent leads to ibandronate
(compound 10), which is the most potent close analogue of pamidronate. Even slightly better
antiresorptive potency is achieved with derivatives having a pheny! group linked via a short
aliphatic tether of three to four atoms to nitrogen, the second substituent being preferentially a
methyl group. The most potent bisphosphonate, zoledronate (compound 65), is found in the series
containing a heteroaromatic moiety with at least one nitrogen atom, which is linked via a single
methylene group to the geminal bisphosphonate unit [14].
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Table 1. Stucture and bioactivity of bisphosphonates

R1\ POH,
/N—(CHz)n X
R2 PO,H,
No Cmpd code R, R, X n EDso (ug/kg)®  ICso(uM)®  ICs(uM)°
1 Novartis 1a H H OH 1 150
2 Pamidronate H H OH 2 61 177 180
3 Alendronate H H OH 3 8 440
4 Novartis 1d H H OH 4 20
5 Neridronate H H OH S 60 31.7 690
6 Novartis 1g Me H OH 2 15
7 Olpadronate Me Me OH 2 12 54
8 T.B. 009 propyl Me OH 2 7.8 330
9 Novartis 1) Et Et OH 2
10 Ibandronate pentyl Me OH 2 1.1 0.96 83
11 Novartis 11 Me Me H 2 100
R1\ PO;H,
/N—?H’CHF{—‘OH
Rz R PO,H,
No Cmpd code R, R, R EDso (ug/kg)®  ICso(uM)®  ICso(uM)°
12 Novartis 1n H H Me 34
13 Novartis 1o Me Me Me 18
14 Novartis 1p pentyl Me Me 65
PO,H,
Q—(CHz)n—l—ori
PO,H,
No Cmpd code Q]— R n EDso (ng /kg)?

15 Novartis 2a /CN—E H 2 10

R
16 Novartis 2b H 3 25
17 Novartis 2¢ H 5 250
18 Novartis 2d Ph 2 70
19 Novartis 2¢ 4-Cl-Ph 2 35
20 Novartis 2f R—CN—- H 2 5.6
21 Novartis 2g Ph 2 11
22 Novartis 2h Ph 3 100
23 Novartis 2j 3-F-Ph 2 30
24 Novartis 2k CN_ 2 25
25 Novartis 2 R-N N— M 2 400
ovartis 2m e
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Table 1. (Continued)

PO.H,
OH
PO;H,

Serial Cmpd code Q‘ EDs, (ng /kg)?
N
26 Novartis 3a Q_ 50
H
N
27 Novartis 3b <:>_ 250
28 Novartis 3¢ HNQ— 2500
R1, PO,H,
_N—CHLH1—OH
R2 PO,H,
Serial Cmpd code R, R, R; EDsq (ug /kg)°
29 Novartis 4a O/\/ H 300
‘ 30 Novartis 4b Me 1.4
3 Novartis 4c¢ @/\/\ H H 20
R3
32 Novartis 4d Me H 1
33 Novartis 4e Et H 15
34 Novartis 4f Me 3-Me 1.5
35 Novartis 4g Me 4-C] 0.7
36 Novartis 4i ©/\/\/ H 1.0
37 Novartis 4j Me 0.4
38 Novartis 4k O/VV\ Me 20
39 Novartis 41 Q/V\/\/ Me 1500
PO,H,
‘ @-x—(CHz)m—N—(CHZ)n—-'—OH
|
R2 R1 PO,H,
Serial Cmpd code X R, R, m n EDs, (pg /kg)?
40 Novartis 5a (¢} Me H 2 2 1.5
41 Novartis 5b (0] Me 4-Cl 2 2 1.7
42 Novartis Sc 0] H H 3 2 1.2
43 Novartis 5d (0] Me H 3 2 0.5
44 Novartis Se (0] Me 3-Me 3 2 1.7
45 Novartis 5f (0] Me 4-F 3 2 0.6
46 Novartis 5g 0] Me 4-Cl 3 2 1.3
47 Novartis 5h 0 Et 4-MeO 3 2 1.2
48 Novartis 5i 0] propyl H 3 2 20
49 Novartis 5j 0 butyl H 3 2 10
50 Novartis 5k (0] Me H 4 2 500
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Table 1. (Continued)

Serial Cmpd code X R; R, m n EDs, (ug /kg)?
51 Novartis 51 O Me H 6 2 4
52 Novartis5m o) Me H 3 2 7500
53 Novartis 5n O Me H 2 3 100
54 Novartis 5p S Me H 2 2 0.7
55 Novartis 5q S H H 3 2 7
56 Novartis 5r S Me H 3 2 0.33
57 Novartis 5s S Me 4-Cl] 3 2 7.8
PO,H,
Het-—(CHz)n—I—-OH
PO,H,
Serial Cmpd code Het R1 R2 R3 n ED50 (ug /kg)*
N
58 Novartis 6a [N\>_"§ H 1 5
R1
59 Novartis 6b Me 1 0.6
60 Novartis 6¢ Bz 1 25
R2
61 Novartis 6d N’g_g H H 1 03
|
R1)\ N
62 Novartis 6e H H 2 20
63 Novartis 6f Me H 1 15
64 Novartis 6h H Me 1 1.5
R2
A
65 Zoledronate N §(N—§ H H H 1 0.07
R1
66 Novartis 6j H H H 2 45
67 Novartis 6k Me H H 1 3
68 Novartis 61 H Me Me 1 1.5
/N\
69 Novartisén [ N—% 1 600
N/
R1 POMH,
N H
Rz poH,
Serial Cmpd code RR;N EDs, (ng /kg)?
70 Novartis 7¢ € N—% 800
71 Novartis 7d GN—\ 40
72 Novartis 7e O—N\;‘ILL 7
H
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Table 1. (Continued)

PO,H,
Hef—ﬁ—l—ﬂ
03H2
Serial Cmpd code Het R, R, EDs, (ug /kg)’
R2 N
73 Novartis 8a I \>—§ H H 5
rR17 S
74 Novartis 8b H Me 100
75 Novartis 8¢ Me H 1.5
76 Novartis 8d Et H 1.5
77 Novartis 8e Pr H 2
78 Novartis 8f Bu H 0.9
79 Novartis 8g Pr H 200
80 Novartis 8h PhCH,CH, H 2.7
N
\>._
81 Novartis §j [N \S H 500
R1
82 Novartis 8k Me 5
83 Novartis 81 PhCH, 75
84 Novartis 8m Ph 200
R
s s%on
[ )—X—H
N o=R—OH
R
Serial Cmpd code X R EDso (pg /kg)°
85 Novartis 9a CH, OH 200
86 Novartis 9b S OH 700
R HO, _o ?TOH
\’/\/\T’(’%O’P‘O’P\\o
Serial Cmpd code R n ICsp (UM)°
87 3-a2aGGPP oy 2 ols
88 3-azaFPP Y\/\i 2 0.74
89 3—azaGPP Me 2 240
90 3-azahomoGGPP > 3037
91 3-azahomoFPP N 3 031
~ (0] //0 ?HOH
92 15-azaGGPP N Z Z AN e >>100
o' 9 Yo
. OH
o
0= ~0H
OH
Serial Cmpd code n ICs, (UM)° ICso (UM)°
93 T.B. 024 2 92.0 620
94 T.B. 025 3 99.8 200
95 T.B. 023 4 62.4 53
96 GGPP018 5 11.0
628
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b

Table 1. (Continued)

Serial Cmpd code n ICso (UM)° ICso (UM)*
97 GGPP017 6 43
98 T.B.014 8 20.5 0.72
99 T.B. 010 9 8.0 1.4
100 T.B. 007 10 2.0 0.92
Serial Cmpd code Structure ICso (UM)® ICso (UM)°
o OH
. O
Y Y =
101 T.B. 006 Y ToH 1.7 22
o=F~oH
OH
, O OH
N_ P~
102 GGPP031 NNy ToH 19.0
0=F~0oH
OH
O, OH
NP
103 T.B. 021 i 50.6
0=f~0oH
OH
0, OH
N Pom
104 T.B. 026 YVO:;[OH 102
OH
Oy _OH
P\
105 T.B.016 mw** 213 220.0
0/6H\OH
O\\P/OH
106 T.B. 020 Y o 40.0 180.0
HN O//ZH\OH
0\\P,0H
N
107 TB.012 T Yor 8.6 220.0
H O’CI)H\OH
H O\\P/OH
N N \OH
108 NE97220 | \P{ 0.7 220.0
o/cl)H\OH
Ho‘\ /OH
. Se Nom
109 N—(2—(4—picolyl)) ADMP 9 ‘P( 0.61 260.0
O/(l)H\OH
N 0\\P _OH
110 T.B. 013 R S 19.8 550.0
0/’(FI;H\OH
2 | 0\\P _OH
. ™ ~
111 Homorisedronate on 1.7 410.0
O/’éH\OH
0\\P <OH
112 Risedronate [ YTou™ 8.6 350.0
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Table 1. (Continued)

Serial Cmpd code Structure ICso (UM)° ICso (UM)°
N o\\P/OH
~
113 NE58018 mw** 0.22
7 o”(l);on
o\\p/OH
N—(2~(5~chloro)-- Na oH
114 pyridy)AMDP E)/;F\OH 33.3
0?1~ oH
H o\\P/OH
N ~
115 TB. 015 O/ OH 20.9
P
0% ~oH
— O _OH
NP on
116 T.B. 018 —Y 34.4
071 oH
OH
4 _OH
~
117 T.B.019 (Y Y "o 39.5
N P
e

o
y  1,O-CH,CH,

N P~q.om .
118 T.B.2-13 [ \g,o‘icﬂz‘ac‘;? 27.9
2N U1%0—CHy, CHy

“ the dose of compound administratered sc, which results in a 50% reduction of the hypercalcemia induced in TPTX rats
by 1,25-dihydroxyvitamin D [14]

experimental concentration required to reduce proliferation of T. Brucei rhodesiense by 50% [4,5]
¢ experimental concentration required to reduce activity of GGPPSase by 50% [13].

The comprehension of BPs mechanism gives us indications to investigate the quantitative
structure—activity relationship of the bisphosphonates provided by Novartis [14] with in vivo EDsg
against hypercalcemia induced in thyroparathyroidectomy (TPTX) rats. The total of 86 compounds
were divided into two datasets, one for the series containing a heterocyclic moiety, which contains
at least one nitrogen atom; the other for bisphosphonates that contains a nitrogen atom in aliphatic
link and do not possess a heterocyclic substitute. The two datasets were analyzed using QSAR
module of MOE and achieved two predictive models through principal component analysis.

We also investigated the BPs with ICsy against T. Brucei Trypomastigotes [4,5] and BPs with
ICso for GGPPSase inhibition [13] using the molecular modeling package MOE respectively, and
achieved more simple and lightening models.

2 MATERIALS AND METHODS
2.1 Chemical Data

The structures we have collected here are listed in the Table 1 along with compound code and

bioactivities. Some of the compound codes were assigned following their traditional name such as
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bisphosphonates. For the purposes of the present descxription a nitrogen containing
bisphosphonate is a compound which in addition to the characteristic geminal bisphosphate (P-C-

P) moiety comprises a nitrogen containing side chain, e.g. a compound of formula I

P(OR),
Rx X

F(OR),

o
wherein
X is hydrogen, hydroxyl, amino, alkanoyl,or an amino group substituted by C;-C, alkyl, or
alkanoyl;
R is hydrogen or C;-C; alkyl and
Rx is a side chain which contains an optionally substituted amino group, or a nitrogen containing
heterocycle (including aromatic nitrogen-containing heterocycles),

and pharmaceutically acceptable salts thereof or any hydrate thereof.

Particularly preferred nitorogen containing bisphosphonates are those having side chains
containing nitrogen-containing heterocycles, most especially containing aromatic nitrogen-

containing heterocycles.

Thus in one embodiment a particularly preferred bisphosphonate for use in the invention

comprises a compound of Formula I’

(o}

P(OR), -
Het—A-C—X' 1
r(OR)z

|
o]

—) g —

wherein
Het is an imidazole, oxazole, isoxazole, oxadiazole, thiazole, thiadiazole, pyridine, 1,2,3-

triazole, 1,2,4-triazole or benzimidazole radical, which is optionally substituted by alkyl,
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' alkoxy, halogen, hydroxyl, carboxyl, an amino group optionally substituted by alkyl or
alkanoyl radicals or a benzyl radical optionally substituted by alkyl, nitro, amino or
aminoalkyl;

A is a straight-chained or branched, saturated or unsaturated hydrocarbon moiety
containing from 1 to 8 carbon atoms;
X is a hydrogen atom, optionally substituted by alkanoyl, or an amino group optionally
substituted by alkyl or alkanoyl radicals, and
R is a hydrogen atom or a C;-C; alkyl radical,

and the pharmacologically acceptable salts thereof.
In a further embodiment a particularly preferred bisphosphonate for use in the invention

comprises a compound of Formula IT

O

P(OR),
Het—C—o—X" I
f(OR)

I
o)

wherein
Het’ is a substituted or unsubstituted heteroaromatic five-membered ring selected from the
group consisting of imidazolyl, imidazolinyl, isoxazolyl, oxazolyl, oxazolinyl, thiazolyl,
thiazolinyl, triazolyl, oxadiazolyl and thiadiazolyl wherein said ring can be partly
hydrogenated and wherein said substituents are selected from at least one of the group
consisting of Ci-C, alkyl, C-C; alkoxy, phenyl, cyclohexyl, cyclohexylmethyl, halogen and
amino and wherein two adjacent alky! substituents of Het can together form a second ring;
Y is hydrogen or C,-C, alkyl;
X” is hydrogen, hydroxyl, amino, or an amino group substituted by C;-C4 alkyl, and
R is hydrogen or C;-C, alkyl;

as well as the pharmacologically acceptable salts and isomers thereof.

In a yet further embodiment a particularly preferred bisphosphonate for use in the invention

comprises a compound of Formula ITT
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i
li’(OH)z
Het"—C—-([)—-Rz Il
2 |>|(0H)2
o}

wherein
Het” is an imidazolyl, 2H-1,2,3-, 1H-1,2,4- or 4H-1,2,4-triazolyl, tetrazolyl, oxazolyl,
isoxazolyl, oxadiazoly}, thiazolyl or thiadiazolyl radical which is unsubstituted or C-mono-
or di-substituted by lower alkyl, by lower alkoxy, bx phenyl which may in turn be mnon- or
disubstituted by lower alkyl, lower alkoxy and/or halogen, by hydroxy, by di-lower
alkylamino, by lower alkylthio and/or by halogen and is N-substituted at a substitutable N-
atom by lower alkyl or by phenyl-lower alkyl which may in turn be mono- or di-substituted
in the phenyl moiety by lower alkyl, lower alkoxy and/or halogen, and
R; is hydrogen, hydroxy, amino, lower alkylthio or halogen,
lower radicals having up to and including 7 C-atoms,

or a pharmacologically acceptable salt thereof.

Examples of particularly preferred bisphophonates for use in the invention are:
2-(1-Methylimidazol-2-yl)-1-hydroxyethane-1,1-diphosphonic acid;
2-(1-Benzylimidazol-2-yl)-1-hydroxyethane-1, 1-diphosphonic acid;
2-(1-Methylimidazol-4-yl)-1-hydroxyethane-1,1-diphosphonic acid;
1- Amino-2-(1-methylimidazol-4-yl)ethane-1,1-diphosphonic acid;
1- Amino-2-(1-benzylimidazol-4-yl)ethane-1, 1-diphosphonic acid;
2-(1-Methylimidazol-2-yl)ethane-1,1-diphosphonic acid;
2-(1-Benzylimidazol-2-yl)ethane-1,1-diphosphonic acid;
2-(Imidazol-1-yl)-1-hydroxyethane-1,1-diphosphonic acid;
2-(Imidazol-1-yl)ethane-1,1-diphosphonic acid;
2-(4H-1,2,4-triazol-4-y})-1-hydroxyethane-1, 1-diphosphonic acid;
2-(Thiazol-2-yl)ethane-1,1-diphosphonic acid;
2-(Imidazol-2-yl)ethane-1,1-diphosphonic acid;
2-(2-Methylimidazol-4(5)-yl)ethane-1, 1-diphosphonic acid;

7
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2-(2-Phenylimidazol-4(5)-yl)ethane-1,1-diphosphonic acid;
2-(4,5-Dimethylimidazol-1-yl)-1-hydroxyethane-1,1-diphosphonic acid, and
2-(2-Methylimidazol-4(5)-yl)-1-hydroxyethane-1,1-diphosphonic acid,

and pharmacologically acceptable salts thereof,

The most preferred bisphosphonate for use in the invention is 2-(imidazol-1y1)-1-
hydroxyethane-'l,l-diphosphonic acid (zoledronic acid) or a pharmacologically acceptable salt
thereof or any hydrate thereof.

Pharmacologically acceptable salts are preferably salts with bases, conveniently metal salts
derived from groups Ia, Ib, ITa and IIb of the Periodic Table of the Elements, including alkali metal
salts, e.g. potassium and especially sodium salts, or alkaline earth metal salts, preferably calcium or

magnesium salts, and also ammonium salts with ammonia or organic amines.

Especially preferred pharmaceutically acceptable salts are those where one, two, three or
four, in particular one or two, of the acidic hydrogens of the bisphosphonic acid are replaced by a
pharmaceutically acceptable cation, in particular sodium, potassium or ammonium, in first instance

sodium.

A very preferred group of pharmaceutically acceptable salts is characterized by having one
acidic hydrogen and one pharmaceutically acceptable cation, especially sodium, in each of the

phosphonic acid groups.

All the bisphosphonic acid derivatives mentioned above are well known from the literature.
This includes their manufacture (see e.g. EP-A-513760, pp. 13-48). For example, 3-amino-1-
hydroxypropane-1,1-diphosphonic acid is prepared as described e.g. in US patent 3,962,432 as
well as the disodium salt as in US patents 4,639,338 and 4,711,880, and 1-hydroxy-2-(imidazol-1-
ylethane-1,1-diphosphonic acid is prepared as described e.g. in US patent 4,939,130. See also US
patents 4,777,163 and 4,687,767.



67,

WO 02/43738 PCT/EP01/13836
CLAIMS
1. A method for the treatment of pain in a patient in need of such treatment which comprises

administering an effective amount of a bisphosphonate to the patient.

2. Use of a bisphosphonate in the preparation of a medicament for the treatment of pain.

3. Use of a bisphosphonate to treat pain associated with diseases or pathological conditions in
mammals.

4. A method for the anti-nociceptive or anti-allodynic treatment of pain in a patient in need

of such treatment which comprises administering an effective amount of a bisphosphonate
to the patient;
use of a bisphosphonate in the preparation of a medicament for the anti-nociceptive or anti-

allodynic treatment of pain; or

use of a bisphosphonate as an anti-nociceptive or anti-allodynic agent.

5. A method for the treatment of bone pain in a patient in need of such treatment which
comprises administering an effective amount of a bisphosphonate to the patient;
use of a bisphosbhonate in the preparation of a medicament for the treatment of bone
pain; or

use of a bisphosphonate as an agent for treatment of bone pain.
6. A method according to claim 1 or a use according to claim 2 or 3 for the treatment of pain
associated with osteoporosis, theumatoid arthritis, osteoarthritis and tumour formation,

¢.g. tumour growth, invasion or metastasis.

7. A method according to claim 1 or a use according to claim 2 or 3, in which the

bisphosphonate is selected from the following compounds or a pharmaceutically acceptable

19



57

WO 02/43738 PCT/EP01/13836

salt thereof, or any hydrate thereof: 3-amino-1-hydroxypropane-1,1-diphosphonic acid
(pamidronic acid), e.g. pamidronate (APD); 3-(N,N-dimethylamino)-1-hydroxypropane--
1,1-diphosphonic acid, e.g. dimethyl-APD; 4-amino-1-hydroxybutane-1,1-diphosphonic
acid (alendronic acid), e.g. alendronate; 1-hydroxy-ethidene-bisphosphonic acid, e.g.
etidronate; 1-hydroxy-3-(methylpentylamino)-propylidene-bisphosphonic acid, ibandronic
acid, e.g. ibandronate; 6-amino-1-hydroxyhexane-1,1-diphosphonic acid, e.g. amino-hexyl-
BP; 3-(N-methyl-N-n-pentylamino)-1-hydroxypropane-1,1-diphosphonic acid, e.g. methyl-
pentyl-APD (= BM 21.0955); 1-hydroxy-2-(imidazol-1-yl)ethane-1,1-diphosphonic acid;
1-hydroxy-2-(3-pyridyl)ethane-1,1-diphosphonic acid (risedronic acid), e.g. risedronate,
including N-methyl pyridinium salts thereof, for example N-methy] pyridinium iodides such
as NE-10244 or NE-10446; 1-(4-chlorophenylthio)methane-1,1-diphosphonic acid
(tiludronic acid), e.g. tiludronate; 3-[N-(2-phenylthioethyl)-N-methylamino]-1-hydroxy-
propane-1,1-diphosphonic acid; 1-hydroxy-3-(pyrrolidin-1-yl)propane-1,1-diphosphonic
acid, e.g. EB 1053 (Leo); 1-(N-phenylaminothiocarbonyl)methane-1,1-diphosphonic acid,
e.g. FR 78844 (Fujisawa); 5-benzoyl-3,4-dihydro-2H-pyrazole-3,3-diphosphonic acid
tetraethyl ester, e.g. U-81581 (Upjohn); 1-hydroxy-2-(imidazo[1,2-a]pyridin-3-yl)ethane--
1,1-diphosphonic acid, e.g. YM 529; and 1,1-dichloromethane-1,1-diphosphonic acid

(clodronic acid), e.g. clodronate..

8. A method according to claim 1 or a use according to claim 2 or 3, in which the

bisphosphonate is a compound of Formula HII

0O
IID(OH)2
Het'—C—C—R2 ]
H, °*
ﬁ(OH)2
o

wherein

Het” is an imidazolyl, 2H-1,2,3-, 1H-1,2,4- or 4H-1,2,4-triazoly], tetrazolyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiazolyl or thiadiazolyl radical which is unsubstituted or C-mono-
or di-substituted by lower alkyl, by lower alkoxy, bx phenyl which may in turn be mnon- or
disubstituted by lower alkyl, lower alkoxy and/or halogen, by hydroxy, by di-lower

20
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10.

alkylamino, by lower alkylthio and/or by halogen and is N-substituted at a substitutable N-
atom by lower alkyl or by phenyl-lower alkyl which may in turn be mono- or di-substituted
in the phenyl moiety by lower alkyl, lower alkoxy and/or halogen, and

R, is hydrogen, hydroxy, amino, lower alkylthio or halogen,

lower radicals having up to and including 7 C-atoms,

or a pharmacologically acceptable salt thereof.

A method according to claim 1 or a use according to claim 2 or 3, in which the
bisphosphonate is zoledronic acid, or a pharmaceutically acceptable salt thereof, or any

hydrate thereof.

All novel compounds, processes, methods and uses substantially as hereinbefore described

with particular reference to the Examples.

21



Quim. Nova, Vol. 28, No. 2, 274-280, 2005

BISFOSFONATOS: SINTESE, ANALISES QUIMICAS E APLICACOES FARMACOLOGICAS

13560-970 Sdo Carlos - SP

Christian Fernandes, Rodrigo Souza Leite e Fernando Mauro Langas*
Departamento de Quimica e Fisica Molecular, Instituto de Quimica de Sdo Carlos, Universidade de Sdo Paulo, CP 780,

Recebido em 22/1/04; aceito em 13/8/04; publicado na web em 2/2/05

BISPHOSPHONATES: SYNTHESIS, CHEMICAL ANALY SIS AND PHARMACOLOGICAL APPLICATIONS. Bisphosphonates
are drugs that have been widely used in different bone diseases, and have recently been used successfully against many parasites.
Various synthetic routes to prepare different types of bisphosphonates have been described, with distinct potency and pharmacological
activity. A number of analytical techniques are currently being used to analyze these drugs; among these, the high performance
liquid chromatography (HPLC), with different systems of detection, is worth highlighting. However, the development of more
sensitive methods is still necessary, once they are essential for bioavailability and bioequivalence studies. This paper reports the
major synthesis routes, chemical analysis methodologies and pharmacological applications of bisphosphonates.

Keywords: bisphosphonates; bone diseases; high performance liquid chromatography.

. INTRODUCAO

Os bisfosfonatos (BP’s) formam uma classe de substincias qui-
micas que apresenta uma ligagio P-C-P em sua estrutura, e agem
como inibidores da reabsor¢do éssea, mediada pelos osteoclastos.
Estes compostos sdo extensivamente utilizados no tratamento de
vérias doengas 6sseas, destacando-se a doenca de Paget, a
hipercalcemia maligna, a osteoporose e a doenga metastdtica e
osteolitica.

Sdo andlogos quimicos da substincia endégena denominada dcido
pirofosférico (Figura 1), que no organismo se encontra como
pirofosfato, um inibidor natural da reabsorgio 6ssea. No entanto,
essa substincia nfio pode ser utilizada como agente terapéutico no
tratamento de doengas Osseas, pois sofre uma rdpida hidrélise
enzimdtica. Os bisfosfonatos sdo seus andlogos sintéticos, onde o
dtomo central de oxigénio € substituido por um de carbono. Essa
modificagio faz com que os BP’s sejam mais resistentes a degrada-
¢do enzimdtica, e possuam uma meia-vida biolégica maior, suficien-
te para influenciar o metabolismo 6sseo’.

1] 1}
HO— II’-O— I"—OH
OH OH

Figura 1. Estrutura quimica do dcido pirafosforico

Diferentes substituintes ligados ao carbono central déio caracte-
risticas tinicas para cada farmaco (Figura 2). O grupo R1 fornece a
afinidade dos BP’s pelos cristais Gsseos, enquanto o grupo R2 € res-
ponsdvel pela poténcia e atividade farmacol6gicas?. Segundo
Shinoda’, a adi¢do de um grupo hidroxila ao 4tomo de carbono na
posicdo 1 aumenta a poténcia anti-reabsortiva. Derivados com um
grupo amino no final da cadeia lateral sfo extremamente ativos. Além
disso, 0 comprimento da cadeia lateral ¢ também muito importante,
sendo a maior atividade encontrada em compostos com quatro car-
bonos, como o alendronato. Mais recentemente tem sido demonstra-
do que o grupo amino ndo tem que estar localizado necessariamente

*e-mail: flancas @igsc.usp.br

no fim da cadeia. No entanto, ainda ndo estd bem clara a relagio
existente entre estrutura ¢ atividade, podendo-se dizer apenas que a
estrutura P-C-P € fundamental para a atividade e que a intensidade
do efeito € intensamente dependente da cadeia lateral.

2 e
HO—P—C—P—OH
OHR, OH

Figura 2. Estrutura quimica geral dos BP’s

Os BP’s sio sintetizados por meio de uma grande variedade de
rotas sintéticas. Estas levam & produgio de BP’s com diferentes es-
truturas quimicas e rendimentos.

Os BP’s podem ser analisados quantitativa e qualitativamente
por um conjunto de técnicas analiticas eficientes. As mais usuais sfo
a cromatografia liquida de alta eficiéncia (HPLC), cromatografia
gasosa (GC) e eletroforese capilar (CE), utilizando diferentes
detectores, tais como espectrometro de massas (MS), indice de re-
fragiio, espectrofotdmetro de ultravioleta e eletroquimicos.

O objetivo do presente trabalho € mostrar a importancia dos BP’s
no tratamento de vdrias doengas 0sseas e suas novas aplicag¢es. Pro-
pOe-se também descrever as rotas de sintese mais usuais, bem como
os diferentes métodos utilizados na andlise destes farmacos.

FARMACOLOGIA
Farmacodinimica

O tecido 6sseo contém trés tipos de células: osteoblastos,
osteoclastos e ostedcitos. Os osteoblastos formam os ossos por de-
posigio de materiais protéicos na matriz, levando 4 mineralizagio. A
fung@o dos osteoclastos € a reabsor¢do 6ssea. Essas células destroem
a matriz sempre que o 0sso precisa ser remodelado. O terceiro tipo
de células, os ostedcitos, encontram-se localizados profundamente
nas fibras protéicas da matriz Gssea estando, provavelmente, envol-
vidos na homeostase do célcio plasmatico®.

O mecanismo molecular pelo qual os BP’s inibem a reabsorgio
6ssea ainda ndo € completamente entendido. Inicialmente, acredita-
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va-se que apenas um mecanismo fisico-quimico, apds a adsor¢do
dssea, era suficiente para sua a¢do®. No entanto, ultimamente, tem-
se tornado claro que efeitos celulares também estdo envolvidos®,
Como os osteoclastos produzem endocitose, os BP’s presentes no
espago onde ocorre a reabsor¢io podem penetrar nestas células, afe-
tando seu metabolismo intracelular e induzindo apoptose®. Recentes
estudos tém demonstrado que parte da a¢do inibitéria dos BP’s sobre
0s osteoclastos € mediada por uma atividade dos osteoblastos®.

Green’ demonstrou em estudos in vitro que os BP’s também ini-
bem a proliferagéo, reduzem a viabilidade ¢ induzem apoptose em
muitas células tumorais humanas.

As propriedades fisico-quimicas dos BP’s sdo bem similares en-
tre os membros da série. No entanto, suas atividades anti-reabsortivas
diferem grandemente. Por causa dessa grande diferenga de poténcia
entre os BP’s, suas doses clinicas também diferem acentuadamente?.
Os principais BP’s estudados estdo apresentados na Tabela 1.

Tabela 1. BP’s e suas respectivas poténcias anti-reabsortivas relativas
em modelos in vivo

Bisfosfonato R1 R2 Poténcia
Clodronato ClI Cl ~10

Etidronato OH CH, ~1
Pamidronato OH (CH,),NH, ~100
Alendronato  OH (CH,),NH, >100-<1000
Neridronato OH (CH,),NH, ~100
Olpadronato OH  (CH,),N(CH,), >100-<1000
Ibandronato OH (CH,),N(CH,)(CH,) .CH,  >1000-<10000
Risedronato OH CH,-3-piridina >1000-<10000
Zoledronato OH  CH,-imidazol >10000

Os BP’s tornaram-se uma alternativa para o tratamento de uma
variedade de doengas Gsseas onde h4 uma excessiva atividade dos
osteoclastos, incluindo doenca de Paget, hipercalcemia maligna,
osteoporose ¢ doenga metastdtica e osteolitica’. Sdo também iiteis
em muitas formas de osteoporose secunddria, causadas por utiliza-
¢ao de glicocortic6ides, gravidez, transplante de 6rgdos e paraplegia'.

Altas doses de muitos BP’s podem dificultar a mineralizagio
normal dos o0ssos'’. Dessa forma, busca-se atualmente o desenvolvi-
mento de BP’s com alta atividade anti-reabsortiva, que tenham uma
ampla faixa de seguranca para a mineraliza¢do normal.

O Trypanosoma cruzi (protozodrio causador da doenga de Cha-
gas) contém importantes depdsitos de pirofosfato e polifosfatos em
organelas denominadas acidocalcisomas. Estudos recentes mostram
que os BP’s inibem o crescimento do protozodrio T. cruzi in vitro e
in vivo, por meio da competi¢do com o pirofosfato em sua via meta-
bdlica, sem causar toxicidade nas células hospedeiras!'.

Martin e colaboradores'? verificaram a acdo dos BP’s que possu-
em nitrogénio na cadeia lateral, sobre o crescimento dos parasitas
Trypanosoma brucei, Trypanosoma cruzi, Leishimania donovani,
Toxoplasma gondii e Plasmodium falciparum. O mecanismo de agio
dos BP’s consiste, basicamente, na inibi¢do da formagio de protei-
nas de importancia vital para os parasitas.

A artrite reumatdide est4 relacionada com uma erosdo éssea nas
articulagdes. Alguns estudos clinicos tém sido realizados para avali-
ar a eficiéncia de agentes anti-artriticos; recentemente, a familia dos
BP’s vem obtendo destaque no tratamento dessa doenga'®. Os ésteres
dos BP’s tém conseguido diminuir, significativamente, as inflama-
¢Oes associadas com a formagdo do granuloma cutineo e com a ar-
trite erosiva, inibindo a erosdo Gssea nas articulagdes'>*.

Devido a sua capacidade quelante, os bisfosfonatos também t&m
sido estudados para elaboragdo de novos medicamentos capazes de
controlar a quantidade de fons ferro e aluminio no organismo huma-
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no's. Recentemente novos BP’s foram sintetizados por meio das re-
agOes de Michaelis-Arbuzov, Michaelis-Becker e transesterificagio
do fosfonoacetato de trietila. Estas metodologias foram satisfatorias,
tendo em vista o bom rendimento obtido e a facilidade de execugdo.
Estes bisfosfonatos mostraram-se eficientes agentes quelantes frente
a diferentes metais'S.

Estudos realizados com etidronato e clodronato demonstraram
que estes formacos apresentam baixa toxicidade. Testes realizados
em diferentes espécies animais indicaram ndo serem teratogénicos,
mitogénicos e carcinogénicos!’.

De maneira geral, os BP’s apresentam poucos efeitos adversos.
O etidronato pode causar inibigio na mineralizagfio normal dos os-
sos, originando fraturas'®. Distiirbios gastrintestinais e alteragdes no
paladar também podem ocorrer'. Para o clodronato, apenas alguns
poucos casos de diarréia branda foram relatados™. Pamidronato pode
causar distdrbios gastrintestinais tais como ndusea, vomito e diar-
réia. Ap6s a administragdo oral ou intravenosa, pode induzir pirexia
de 1a2°C

Farmacocinética

A biodisponibilidade oral, fragdo de uma dose que alcanga a cir-
culagfo sistémica, € determinada pela comparagio da drea total sob
a curva de concentragfio no plasma versus tempo, apés a administra-
¢do oral e intravenosa®,

Os BP’s apresentam baixa absor¢io intestinal em humanos, com
biodisponibilidade de cerca de 0,7% para alendronato, 0,3% para
pamidronato, 3-7% para etidronato ¢ 1-2% para clodronato®. Esta bai-
xa absor¢do ocorre porque estes formacos sfo pouco lipofilicos, difi-
cultando o transporte através da barreira epitelial®. Além do mais, sdo
moléculas relativamente grandes, negativamente carregadas no pH in-
testinal e complexam facilmente com o célcio, prejudicando ainda mais
a sua absor¢io™. Os alimentos causam uma acentuada diminuigdo na
absorgdo dos BP’s, devendo estes serem administrados pelo menos
30 min antes da primeira alimentagdo didria®.

Estudos realizados em ratos, com o alendronato, demonstraram
que ele possui forte interagfio com as proteinas plasméticas, princi-
palmente a albumina sérica. O aumento do pH e da concentragio de
fons cdlcio acentua ainda mais essa interagio™.

Ap6s a administragdo intravenosa, o alendronato é amplamente
distribuido por todo o corpo, incluindo os tecidos calcificados € ndo
calcificados. Os BP’s ligam-se preferencialmente em ossos com alta
taxa de remodelagem, devido & grande exposi¢do da hidroxiapatita
nesses sitios®.

Nio foram encontradas evidéncias de metabdlitos dos BP’s nos
estudos realizados, indicando serem muito estdveis. Essa caracterfs-
tica minimiza a toxicidade do tratamento, devido 2 auséncia de inter-
medidrios reativos e metabolitos téxicos”.

A excregdo renal € a tinica rota de eliminago dos BP’s. Estudos
realizados em animais € humanos indicam que os BP’s administra-
dos sistemicamente sdo parcialmente ligados aos tecidos 6sseos e o
restante € excretado pelos rins. Apds a administra¢do intravenosa, os
BP’s desaparecem do plasma rapidamente, com uma meia-vida de
1-2 h. Por outro lado, uma vez ligado ao osso, eles s6 sdo liberados
quando o tecido Gsseo, ao qual estdo ligados, sofre reabsorgdo®.

SINTESE

O primeiro bisfosfonato utilizado no tratamento de doengas 6s-
seas foi o etidronato, o qual pode ser facilmente sintetizado por meio
de reagdo entre anidrido acético e dcido fosforoso (Esquema 1)%.

Estudos posteriores demonstraram que os BP’s que possuem um
dtomo de nitrogénio em sua cadeia lateral possuem poténcia supe-
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(I:HJ ?H
0=C O=P—O0H

] A

(') + HPO3 ——» CH;—C—OH
0=(13 O=P—OH

Cli3 on

Esquema 1. Sintese do etidronato

rior ao etidronato®. Mais recentemente, foi demonstrado que o gru-
po amino ndo deve estar, necessariamente, no final da cadeia. A ati-
vidade € aumentada quando um grupo metil ¢ um pentil sio ligados
a0 nitrogénio®.

A reagdo mais comum utilizada na preparacio desses BP’s € en-
tre um 4cido carboxflico e o dcido fosforoso, na presenca de tricloreto
de fésforo (Esquema 2)*. Virios tipos de BP’s sdo obtidos a partir
de diversos 4cidos carboxilicos, com bons rendimentos (Tabela 2).
Os reagentes sdo deixados sob agitag¢do a 65 °C por aproximadamen-
te 18 h, utilizando como solvente o 4cido metanossulfénico ou
benzenossulfonico. Logo ap6s, € adicionado hidréxido de sédio para
ocorrer a precipitagdo dos sais de BP’s.

?H ()"Nf
NPCly —D —h_ +
e 0=P-OH 0=P—0Na
R(CHNCOOH ~———»R(CHo)n—C=OH ——» R(CHu—C—OH
HH; 0=P-OH 0=P-ONa*
OH O'Na*

Esquema 2. Reacdo entre dcido carboxilico e dcido fosforoso na presenga
de tricloreto de fésforo

Tabela 2. Valores tipicos de rendimento da sintese dos BP’s para
diferentes 4cidos carboxilicos

R n R%
NH, 2 57
NH, 3 89
NH, 4 78
NH, 5 89
CH, 10 95
3-imidazol 1 31
3-piridil 1 38
4-aminofenil 1 26
Cl 3 30

Esta sintese também pode ser realizada utilizando-se 4dcidos
graxos de cadeia pequena e que ndo contenham nitrogénio (Esque-
ma 3). Os BP’s assim formados mostraram-se ativos contra o cresci-
mento do Trypanosoma cruzi''.

Qutra rota de sintese mais moderna € realizada pela reagfo entre
um cloreto de acila e o tris(trimetilsilil)fosfito, com posterior
metandlise®.

1)PCl OH
H3POy 0=P—on
JH,0
CH3(CHnCOOH ————» CH;(CH:)n—('-‘— OH
o= |’>- OH
OH

Esquema 3. Sintese de BP’s a partir de dcidos graxos de cadeia pequena (n
=12 3e4)

A reagdio do cloreto de acila com 2 equivalentes de
tris(trimetilsilil)fosfito leva, em poucos minutos e com temperatura
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de 25 °C, a formago do éster tetrakis(trimetilsilil) do 4cido 1-
trimetilsiloxi-1,1-bifosfonico. Logo apds, ocorre a metandlise du-
rante 1 h & temperatuara de 25 °C. Os BP’s sdo obtidos com a evapo-
ragfio da fragdo volatil (Esquema 4).

OSiMe; oH
o _ 0= P—0SiMe; 0=P—0OH
Rl 2POSMen;] R_(::_ OsiMe, MeOH R_(:,_OH
0=P—05iMe; 0=P—0OH

0SiMey OH

Esquema 4. Sintese de BP'’s por meio da reagdo entre o cloreto de acila e o
tris(trimetilsilil)fosfito

Esta reaco possui indimeras vantagens quando comparada 2 re-
acdo mencionada anteriormente, destacando-se: condi¢des mais bran-
das do sistemna reacional, maiores rendimentos obtidos ¢ menores
tempos de reagfio. Por outro lado, observam-se algumas desvanta-
gens: alto prego do reagente tris(trimetilsilil)fosfito e dificuldade de
se encontrar comercialmente diferentes cloretos de acila (sendo ne-
cessdria a preparagdo dos mesmos)®’.

A preparagio de cloretos de acila € bastante conhecida na litera-
tura e consiste na reacdo entre um 4cido carboxilico e o cloreto de
tionila (Esquema 5)*. Entretanto, isso representa uma nova etapa na
sintese dos BP’s, acarretando, principalmente, reduco do rendimento
total.

(o]
I} il
R—-C—OH + SOCl; ——» R~C~Cl+ SO, + HCl

Esquema 5. Sintese de cloretos de acila

Outro método de preparacio dos BP’s consiste na reagdo de bis-
hidrofosforilagdo de alcinos terminais por fosfitos de dialquila,
catalisada por palddio™. Os alcinos terminais sdo sintetizados por
uma reacdo de Heck entre um haleto de arila e o trimetilsililacetileno,
com a remogdo do grupo trimetilsilil em condi¢des bésicas (Esque-
ma 6a). Os fosfitos de dialquila, por sua vez, sfo sintetizados pela
reacdo entre um equivalente de tricloreto de fésforo e trés equivalen-
tes do dlcool comrespondente (Esquema 6b)*. Refluxando a mistura
contendo um equivalente do alcino terminal e trés equivalentes de
fosfito de dialquila, na presenca de Pd(PPh,), e tolueno (solvente),
obtém-se uma grande variedade de BP’s vicinais com 6timos rendi-
mentos (Esquema 6¢)*.

Pd(PPh1);Cl,

Ar—X ¢ HC=C—SiMe; —SU o

K:CO
Ar—C=C—SiMe; —s Ar—C=CH
OH
(2)
7
PCly + 3ROH ——— RO—P—H * RCI * 2HC)
OR
(O]
o (RO)—P=0
n Pd(PPh;3)4 H—C—Ar
Ar—C=CH + HP(OR); ———» ]
? H—C—H
(RO):—P=0

(c)

Esquema 6. Sintese de BP's através de uma reagdo de bis-hidrofosforilagéo
catalisada por palddio: (a) sintese do alcino terminal; (b) sintese do fosfito
de dialquila; (c) reagdo do alcino terminal com fosfito de dialquila
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Outros tipos de BP’s podem ser preparados utilizando os fons
enolato como intermedidrios. O tratamento de compostos carbonilicos
com uma base forte e posterior adi¢do de excesso de grupos
eletrofilicos [CIP(OE),] resulta na formagio de duas ligagdes P-C
no carbono o. Estes BP’s sdo obtidos ap6s oxidagio com peréxido
de hidrogénio®. O Esquema 7 ilustra uma reago realizada nestas
condicdes.

1)LDA

R, o 2)CIPOEY, R, 00
<“j§ 3)H,0; <"§<'}1(0En2
Il;(OEi)z

0

Esquema 7. Sintese de BP’s utilizando ions enolato como intermedidrios

Na Tabela 3 sdo mostrados outros exemplos de produtos forma-
dos a partir de diferentes substratos™,

Tabela 3. BP’s obtidos a partir de diferentes lactamas e compostos
carbonilicos

Reagentes Produtos Rendimento (%)
[}
0 o] It
R R POE):
\Nﬁ N
ﬁ(OEl)z 77
o]
0
o] Q 1
P(OE®)-
O [0}
\ ) ok 67
HisCy HisCy o]
1"
0 O POEt),
(CH;CHZ),N—C—Cl3 (CH;CH)N—C—CH 7
P(OF();
0

BP’s derivados de a-aminodcidos foram sintetizados, demons-
trando também atividade anti-reabsortiva®. Nesta reagdo € feita, ini-
cialmente, a prote¢io do grupo amina do aminodcido, seguida de
substitui¢do do grupo hidroxila pelo cloro. Posteriormente, & feita a
inser¢4o dos dtomos de fésforo em duas etapas. Primeiramente, ocorre
reagdo com um reagente adequado de fésforo, formando um fosfonato
de acila e, em seguida, ocorre ataque de um segundo dtomo de fésfo-
1o, formando o bisfosfonato. Finalmente, o grupo protetor & retira-
do, os grupos ésteres sdo hidrolisados e os BP’s sfio obtidos como
sais de sédio (Esquema 8)%.

i B pketox i o0 Lo
HiN-C-COOH ———»  &-N-C-COXH HL’ @-N-c-C-a
H H 2 H

P(OEy
(u)
R P—(CE:
R POHNa nHOUA R OB ppoomn,
BN-C-C-O <—— ®-N-C-C-0H
I
)] [|>()3H2 2)NaOH/ECH

R
——— PN-C-C-]
H P—(OED: base H (O,

o}

Esquema 8. Sintese de BP’s derivados de a-aminodcidos
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Como descrito anteriormente, a estrutura da cadeia lateral, bem
como a presenga ou ndo de heterodtomo fornece caracteristicas bem
distintas aos BP’s. O 2-aminociclopropilideno-1,1-bisfosfonato de
tetraetila, ainda nfio avaliado clinicamente, possui anel de 3 mem-
bros em sua cadeia lateral, podendo proporcionar uma atividade
farmacol6gica ainda n3o encontrada em outros BP’s¥.

A sintese deste composto €& realizada em trés passos (Esquema 9).
Primeiramente, o litiocarbanion do 2-bromoacetato de etila € adicio-
nado, via adi¢éo de Michael, ao vinilideno 1,1-bisfosfonato de tetraetila.
Essa adic@o ¢ seguida de uma ciclizagdo intramolecular levando 2 for-
magdo de um derivado ciclopropil. Posteriormente, este derivado €
saponificado, e o 4cido obtido € convertido em uma amina®.

" 1 o
- — COLCH
(CoHOn—P 0 Loarmpe  (CHs0) P\C CHZ 2Hs
C=CH, + Br—CH;—C—-0-C;H; o~
i - -70°C _r\/
(C:HsO)—P (GHO—F ¢y,
il 0
0
KOH
H,0/ THF
0
(C7H<O)2—III’ AL DCHORPON: — (H0),~P  COM
o M (CaH:)3N / Tolueno _
C—CH ; C—CH
(CHO)—F N7 (CH0—P N/
0= oy, 29,0 HsOp—F ey,

Esquema 9. Sintese do 2-aminociclopropilideno-1,1-bisfosfonato de
tetraetila

ANALISE

Os BP’s podem ser analisados por vérias técnicas analiticas, des-
tacando-se a cromatografia gasosa, a cromatografia liquida de alta
eficiéncia e a eletroforese capilar. Estas técnicas sdo utilizadas para a
determinago de BP’s na matéria-prima, no produto acabado, e em
fluidos biol6gicos, sendo neste caso necessério o desenvolvimento
de metodologias analiticas com alta sensibilidade, tendo em vista a
baixa concentragdo destes farmacos neste meio.

A andlise em meio biolégico requer, muitas vezes, a utiliza¢io
de técnicas de pré-concentragdo, tais como microextragio em fase
sélida (SPME) e extragio em fase sélida (SPE), sendo esta dltima a
mais comum.

O desenvolvimento de métodos sensiveis € dificultado pelas ca-
racteristicas das moléculas dos BP’s mais utilizados. Estes ndo pos-
suem grupos croméforos e nio podem ser determinados pelos
detectores mais usuais (ultravioleta e fluorescéncia). Para contornar
esta dificuldade tém sido desenvolvidos métodos de derivagio e
detecgdo indireta. Entretanto, estes métodos requerem maior tempo
para sua execugiio, além de serem mais passiveis de erros.

Nos dltimos anos tem-se observado um aumento no desenvolvi-
mento de métodos que utilizam a espectrometria de massas. Este
detector possui a grande vantagem de ser seletivo € universal, além
de possuir boa sensibilidade e robustez. Além disso, permite a andli-
se direta, sem necessidade de derivag@o. Por outro lado, € uma técni-
ca mais cara € que exige maior experiéncia por parte dos analistas.

Cromatografia Liquida de Alta Eficiéncia (HPLC)

Esta técnica € a mais utilizada para anélise dos BP’s, sendo em-
pregados diferentes detectores, fases méveis e mecanismos de reten-
¢do.

Chester™ desenvolveu um detector seletivo para fésforo, basea-
do na emissdo molecular de luz pelo HPO, para HPLC, analisando
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diversos 4cidos fosfonicos. Posteriormente, 0 mesmo autor utilizou
esse detector para andlise do clodronato em fluidos biolGgicos. O
mecanismo de separacio empregado foi de troca anidnica, obtendo-
se um limite de quantificagdo de 2 umol/L¥.

Foram relatados vérios métodos utilizando detec¢do por indice
de refracdo. Um método para determinagio do dcido metileno-
bisfosfonico, utilizando pareamento ibnico, foi desenvolvido por
Yeh®. Foi utilizada uma coluna convencional C ; e 0 composto tri-n-
octilamina como agente de pareamento i6nico. Wong e colaborado-
res*' desenvolveram um método empregando coluna de troca anidnica,
para andlise de diferentes polifosfonatos, obtendo limites de detec¢io
de 2,4 a 15,2 ppm. Han e colaboradores* analisaram comprimidos
de alendronato s6dico utilizando coluna de troca anidnica. Este mé-
todo mostrou-se exato, especifico, robusto e com limite de deteccio
adequado para andlises de rotina de comprimidos.

A andlise de BP’s utilizando detectores de fluorescéncia tam-
bém € muito utilizada. Como estas moléculas, em geral, ndo possu-
em grupos que fluorescem, sdo necessérias algumas estratégias para
a utilizagdo de tais detectores. Derivatizagdes pré ou pés-coluna e
detecgdo indireta sdo as mais utilizadas. No primeiro caso, uma mo-
lécula fluorescente € ligada ao BP, enquanto na detecgdo indireta o
composto fluorescente encontra-se presente na fase mével.

Métodos de determinagio indireta de BP’s foram desenvolvidos
utilizando o complexo de alta fluorescéncia formado entre o alumi-
nio e o morin (2°,3°,4°,5,7-pentidroxiflavona). Na presenga dos BP’s
o aluminio liga-se a estes compostos formando um complexc mais
estdvel e que ndo fluoresce. A passagem do complexo aluminio-morin
pelo detector de fluorescéncia gera absorgio ao passo que o comple-
xo0 BP-aluminio, ao passar pelo detector, causa diminuigio da absor-
¢do, registrando um pico negativo®*. A detecgdo por fluorescéncia
com derivatizagdo p6s-coluna foi descrita por Kwong € colaborado-
res® para a andlise de comprimidos de alendronato. Foram utiliza-
dos os compostos o-ftalaldeido e mercaptoetanol (OPA-MERC) como
reagente pds-coluna, sendo avaliada a eficiéncia da reagdo de
derivatizagdo, variando-se os seguintes pardmetros: pH, fluxo da fase
moével, fluxo do reagente pés-coluna, temperatura da reagfo, tama-
nho e tipo do reator. Foi utilizada uma coluna de fase reversa com
pareamento i6nico.

Viérios compostos podem ser utilizados para derivatizagio pré-
coluna em detecgdo por fluorescéncia. O pamidronato foi determina-
do em urina, empregando a fluorescamina como reagente de
fluorescéncia e coluna de fase reversa (C ). O limite de quantificagdo
obtido foi de 1 pmol/L de urina e o limite de detecgiio foi de 50 nmol/
L de urina*. Posteriormente, foram alcangados melhores limites de
quantificacfio e deteccdo (0,7 umol/L de urina e 10 nmol/L de urina,
respectivamente), aprimorando-se o processo de extragdo dos analitos®.

O composto 2,3-naftaleno dicarboxaldeido também € utilizado
em derivatizagbes pré-coluna. Kline e colaboradores* determinaram
o alendronato em urina utilizando este reagente, na presenga do fon
cianeto, e coluna de fase reversa polimérica. Foi obtido limite de
quantificagdo de 5 ng/mL. Este método foi melthorado substituindo-
se 0 {on cianeto pelo composto N-acetil-D-penicilamina, obtendo-se
um limite de quantificagdo de 1 ng/mL*.

Outra op¢do para a derivatizagdo pré-coluna € a utilizagdo do
reagente 1-naftilisotiocianato, para a determinag@o do pamidronato
em fluidos biol6gicos. Para tanto, a separagfo foi feita por meio de
pareamento i0nico’2,

Para a determinacio de BP’s utilizando detectores de ultravioleta
(UV) so também necessdrias estratégias, devido a auséncia de gru-
pos croméforos nestes farmacos. Sparidans e colaboradores™ desen-
volveram um método para a andlise de oito diferentes BP’s, onde
estes sdo complexados “in-line” com ions cobre(IT), absorvendo no
UV em 245 nm. Utilizou-se coluna de troca anidnica e fase mével
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constituida de 4cido nitrico 1,5 mmol/L e nitrato de cobre(II) 0,5
mmol/L. O limite de detecgdo obtido foi de 0,4 pg/mL*.

Foram também desenvolvidos métodos utilizando derivatizagdes
pré-coluna. De Marco e colaboradores™ determinaram o alendronato
empregando o composto cloroformato de 9-fluorenilmetil (FMOC),
na presenca de citrato de sédio, como reagente de derivatizagio. Utili-
zou-se coluna de fase reversa polimérica, com detecgiio em 266 nm.
Outro método foi desenvolvido utilizando o isotiocianato de fenila
seguido de tratamento com perdxido de hidrogénio, antes da injecHo.
Os limites de detecgio e quantificagio obtidos foram de 0,1 pg/mL™.

A andlise de BP’s com detecg@o no UV-Visivel e derivagio p6s-
coluna € muito utilizada. Daley-Yates e colaboradores® desenvolve-
ram um método para andlise em plasma e urina. Os BP’s foram oxi-
dados a ortofosfato com persulfato de amdnio e posterior reagdo com
molibdénio-ascorbato, formando o croméforo fosfomolibdato, de-
tectado em 820 nm. Obteve-se limite de detecgdo de 10 ng/mL.

Foi desenvolvido outro método para andlise de clodronato, em-
pregando coluna de poliestireno-divinilbenzeno. O analito foi detec-
tado em 300 nm apés reagdo com solugio 4cida de ferro (IIT)*". Fo-
ram propostos métodos utilizando o complexo tério-EDTA-laranja
de xilenol. Os BP’s reagem quantitativamente com este complexo
em condigdes levemente dcidas®.

Outra alternativa para a detecgfio no UV sio os métodos indire-
tos. Tsai e colaboradores® propuseram um método para andlise de
comprimidos de etidronato utilizando 4cido nitrico (absor¢do méxi-
ma em 220 nm) como eluente. Os cromatogramas obtidos apresen-
tam uma queda no sinal quando ocorre a passagem dos BP’s pela
célula do detector.

Detectores eletroquimicos também podem ser utilizados na de-
terminagio de BP’s, com a vantagem de nd3o haver necessidade de
derivagdo do analito. Entretanto, sdo muito sensiveis a variagoes ex-
ternas, o que compromete a reprodugio dos resultados. Usui e cola-
boradores® propuseram um método para andlise de um novo BP,
extraido de plasma, urina e osso, empregando detector eletroquimico
operando no modo oxidativo. Foram obtidos limites de quantificagdo
de 0,5 ng/mL no plasma, 1 ng/mL na urina e 25 ng/g no osso.

Detectores condutimétricos sdo utilizados na determinagdo de
diferentes BP’s, também sem a necessidade de derivatizagdo do
analito. Sdo empregadas colunas de troca anidnica®%.

Qin e colaboradores® desenvolveram método para a determina-
¢do de alendronato (altamente polar e termoldbil) em comprimidos
utilizando cromatografia idnica acoplada a detector de massas, em-
pregando interface do tipo fon-spray, operando no modo negativo.
Observou-se neste estudo que a fragmentagdo dominante deste com-
posto € a clivagem das ligagSes C-P.

O clodronato e BP’s relacionados foram analisados por
espectrometria de massas com fonte de ionizago por eletrospray no
modo negativo, em um equipamento do tipo triplo quadrupolo. Fo-
ram propostos diferentes caminhos para a fragmentagio destes com-
postos € avaliada a influéncia do pH no grau de desprotonagdo®.

Cromatografia Gasosa

Os BP’s possuem natureza polar e baixa volatilidade. Desta for-
ma, para andlise por cromatografia gasosa, € necessario o processo
de derivatizagio para a formago de compostos voldteis e estdveis.
Comprimidos de etidronato foram analisados por meio da derivati-
zagdo com bis(trimetilsilil)-trifluoroacetamida. Utilizou-se detector
de ionizagdo de chama para andlise e detector de massas para contro-
le do derivado formado. O método mostrou-se rdpido e especifico,
porém sem sensibilidade suficiente para andlise deste firmaco em
fluidos biolégicos®.

Auriola e colaboradores® descreveram um método para andlise
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de clodronato em urina. O analito extraido reagiu com um derivado
trimetilsilil e foi analisado utilizando detector de massas.

Foi desenvolvida metodologia para andlise de diferentes BP’s
nitrogenados, utilizando o composto cloroformato de isobutila como
reagente de derivatizagfo. Utilizou-se detector fotométrico de cha-
ma, obtendo-se limite de detecgio no plasma de 200 ng/mL. Reali-
zou-se também andlise com espectrdmetro de massas para confirma-
¢80 estrutural dos derivados formados®.

Eletroforese Capilar

Isotacoforese capilar foi utilizada para andlise de pamidronato €
impurezas de sintese e degradac&o presentes. Foram comparados dois
sisternas com diferentes condigdes e estes mostraram-se adequados
para andlises de rotina™.

Um método para anilise de alendronato em formulagdes farma-
céuticas foi descrito por Tsai e colaboradores™. Utilizou-se detecgfio
direta no UV baseada na formagao “on-line” de complexo croméforo
entre este formaco e os fons cobre(IT) presentes na solugio eletrolitica.
No entanto, este método nfo pode ser utilizado para andlise de solu-
¢Oes intravenosas devido & presenca dos anions citrato (forte agente
quelante) em suas formulagGes.

Sirén e colaboradores™ desenvolveram método para andlise de
BP’s, com detecgdo indireta no UV, utilizando corantes nitrosonaft6is
sulfonatados na solugdo eletrolitica. O limite de detecg@o obtido foi
de 1 pyg/mL em 254 nm.

Peng e colaboradores™ determinaram um BP, 2-tioetano-1,1-4cido
bisfosfonico, utilizando método com determinacdo direta no UV,
coluna revestida com glicerol, fosfato em alta concentragio como
tampdo e inje¢do eletrocinética sob condigdes de “sample stacking”.
O limite de detecgdo foi de 50 ng/mL.

Um método para determinagdo de clodronato e suas impurezas,
utilizando detec¢do de massas por eletrospray e modo negativo, foi
desenvolvido por Huikko ¢ colaboradores™. Este mostrou alta capa-
cidade de separaciio ¢ especificidade para andlise de BP’s.

Um método com detecgiio direta no UV em baixo comprimento
de onda e polaridade invertida foi aplicado para separagfo e quanti-
ficaglo de impurezas em clodronato. Utilizou-se capilar de poliacri-
lamida e avaliou-se a influéncia do pH e forga ibnica do eletrélito
sobre a separag¢do™.

Outros métodos

Reed e colaboradores™ descreveram um método direto para ané-
lise de alendronato em comprimidos. As amostras foram dissolvidas
em 4gua e o contetido de fésforo foi analisado por plasma acoplado
indutivamente (ICP). O método apresentou boa preciso e exatiddo.

A formagdo de complexo entre alendronato e cloreto férrico em
solucdo de 4cido perclérico foi estudada e analisada por espectrofo-
tometria. Este método apresentou limite de detecgio de 2 ug/mL,
suficiente para anélise nas formulagGes farmacéuticas”.

CONCLUSAO

Os BP’s sdo farmacos de escolha para uma variedade de doengas
Osseas, destacando-se dentre estas a osteoporose, que tem se tornado
nos iltimos anos um importante problema de saide pdblica, princi-
palmente devido ao aumento da expectativa de vida da populagio.

Além disso, outras aplicages relevantes tém sido relatadas com o
uso dos BP’s. Estes farmacos t€m se mostrado ativos sobre o metabo-
lismo de vérios protozodrios, podendo ser utilizados no tratamento da
doenga de Chagas, leishmaniose visceral, maldria e toxoplasmose,
doengas que acometem milhdes de individuos em todo o mundo.
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Um grande nimero de rotas sintéticas tem sido relatado para a
preparacdo de diferentes BP’s, objetivando-se melhorar as condi-
¢Oes experimentais, os rendimentos e 0s custo, bem como encontrar
estruturas com maior poténcia e atividade farmacolégica.

Os BP’s, devido a sua baixa absor¢@o, sdo encontrados em con-
centragbes muito pequenas nos fluidos biol6gicos. A grande maioria
dos métodos analiticos descritos mostraram-se adequados para a de-
terminacdo destes formacos na matéria-prima e nas formulagdes far-
macéuticas, entretanto, ainda hd a necessidade do desenvolvimento
de métodos mais sensfveis, de f4cil execugdo e de baixo custo, para
determina¢des em meio biolégico.

Métodos adequados de andlise em fluidos biolégicos sdo funda-
mentais para a realizacfo de estudos de biodisponibilidade e bioequi-
valéncia. Este Gltimo constitui uma das etapas na obtengfio de um
medicamento genérico, que € atualmente considerada como politica
de prioridade do Ministério da Sadde do Brasil.
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DESCRIPCION

Procedimiento para la purificacién de oxiclo-
ruro de fésforo.

El oxicloruro de fésforo se fabrica industrial-
mente a partir de tricloruro de fésforo mediante
oxidacidn con oxigeno del aire. En este caso se ob-
tiene un producto muy puro, apenas impurificado
con productos orgdnicos.

En los ultimos afios se han dado a conocer
procedimientos de cloracién para la fabricacién
de heterociclos clorados, preferentemente de he-
terociclos nitrogenados, a partir de hidroxicom-
puestos con oxicloruro de fésforo y subsiguiente o
simultdnea regeneracién de POCl3 con PCls, que
también puede formarse in situ durante la reac-
cién de cloracién a partir de PCl3 y de cloro.

El POCl3, recuperado mediante eliminacién
por destilacién, estd impurificado, la mayoria de
las veces, por compuestos orgénicos, en gran parte
clorados, que dificultan o imposibilitan una reuti-
lizacién. Los origenes estdn constituidos por pro-
ductos orgédnicos con un punto de ebullicién si-
milar, tal como el POCl3, de manera que solo es
dificil o en todo caso imposible una separacién por
destilacién de los productos perjudiciales presen-
tes en el intervalo de ppm. La tarea de la inven-
cién consistia en separar estos productos, parcial-
mente muy reactivos, de manera eficaz, del oxi-
cloruro de fésforo.

Esta tarea pudo resolverse ahora de manera
inesperada mediante la adicién de aminas tercia-
rias organicas, tales como trialquilaminas, piri-
dinas, anilinas y con una proporcién de reciclo
especial durante la destilacién fraccionada.

El objeto de la presente invencién consiste,
por lo tanto, en un procedimiento para la puri-
ficacién de oxicloruro de fésforo recuperado o re-
generado, impurificado por compuestos orgénicos
reactivos, con un 0,1 hasta un 5}()70 en peso de una
amina organica con 1 6 2 dtomos de N-terciarios y
con un punto de ebullicién por encima del punto
de ebullicién del oxicloruro de fésforo y destila-
cién fraccionada a presién normal, caracterizado
porque se establece durante la destilacién fraccio-
nada, hasta alcanzarse el punto de ebullicién del
oxicloruro de fésforo puro en la cabeza de la co-
lumna de destilacién, una proporcién de reciclo
A:R de 1:1 hasta 1:4 y, as continuacién, se retira
oxicloruro de fésforo puro con una relacién de re-
ciclo A:R de 1:1 hasta 4:1.

En el procedimiento segtn la invencién se pu-
rifica oxicloruro de fésforo (POCl3), que se recu-
pera o que se regenera después de las reacciones
de cloracién, de compuestos organicos reactivos.
Por reacciones de cloracién deben entenderse en
este caso procedimientos para la obtencién de he-
terociclos clorados, especialmente de heterociclos
nitrogenados clorados tales como por ejemplo clo-
ropirimidinas.

Las impurezas perjudiciales son en este caso,
por ejemplo, diversos cloruros de carbonilo, tales
como por ejemplo dcidos mono-, di- y triclorocar-
boxilicos, asi como nitrilos de dcidos carboxilicos.

El procedimiento segin la invencién es espe-
cialmente adecuado para la eliminacién de deri-
vados de 4cidos carboxilicos con 2 a 4 4tomos
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de carbono, especialmente de derivados del dcido
acético, que proceden de diversos productos de
partida o de las impurezas de los mismos. Para
la eliminacién de las impurezas perjudiciales se
combina el POClj, a ser purificado, con aminas
orgénicas, que tienen 1 6 2 4tomos de N terciarios.

Las aminas adecuadas con 1 6 2 dtomos de
N terciarios son, en este caso, aquellas que pre-
senten un punto de ebullicién mayor que el del
POCI3. Preferentemente su punto de ebullicién
se encuentra por encima de los 150°C, de manera
especialmente preferente por encima de los 200°C.

Ejemplos de aminas adecuadas son trialqui-
laminas con 4 hasta 12 atomos de carbono en
las partes alquilo. Las partes alquilo pueden ser
en este caso iguales o diferentes, asi como linea-
les o ramificadas. Preferentemente se emplearin
trialquilaminas con 4 a 8 dtomos de carbono en
la parte alquilo, siendo a su vez preferentemente
iguales las partes alquilo.

Las trialquilaminas adecuadas son, por lo tan-
to, por ejemplo n-tributilamina, n-trihexilamina,
n-trioctilamina, n-tridecilamina etc.

Oftras aminas, que pueden emplearse en el pro-
cedimiento segin la invencién son piridinas, que
presentan de 1 hasta 3 substituyentes. Los subs-
tituyentes adecuados son, por ejemplo, grupos al-
quilo con 1 a 4 dtomos de carbono, grupos arilo
o cloro. Ejemplos de piridinas adecuadas son 2-,
3- 6 4-metilpiridina, 2,4-dimetilpiridina, 2,4,6-tri-
metilpiridina, 5-etil-2-metilpiridina, etc. Las pi-
ridinas, que pueden estar substituidas por gru-
pos arilo, son en este caso, por ejemplo, 2-fenil-
piridina y similares, asi como también sistemas
anulares benzocondensados, tales como quinolina
e isoquinolina.

Como aminas terciarias adecuadas entran en
consideracion ademds anilinas o toluidinas N,N-
substituidas, tales como por ejemplo N,N-di-al-
quilanilinas, o bien -toluidinas con 1 a 4 4tomos
de carbono, por ejemplo N,N-dimetilanilina, etc.

La cantidad de la amina, a ser anadida, de-
pende en este caso de la cantidad presente de im-
purezas. Preferentemente se empleard desde un
0,1 hasta un 5% en peso, referido al POClj, de
amina. De forma especialmente preferente se aha-
dird desde un 0,2 hasta un 2% en peso de amina.

Tras adicién de la amina se calienta la mez-
cla de la reaccién, tratada de este modo, hasta la
temperatura de reflujo y se deja reaccionar apro-
ximadamente durante 10 hasta 60 minutos a esta
temperatura. A continuacién se aisla el POCl;,
purificado, por medio de destilacién fraccionada a
partir de la mezcla de la reaccién. Para ello se em-
plea preferentemente una columna de destilacién
con 5 a 10 platos tedricos.

En la primera fase de la destilacién se esta-
blece una proporcién de reciclo A:R de 1:1 has-
ta 1:4, de forma especialmente preferente de 1:2
hasta 1:3 y en primer lugar se separan los com-
puestos facilmente voldtiles. Cuando se alcanza
en la cabeza de la columna el punto de ebullicién
del POCl3 puro, se retira el POCl; puro a conti-
nuacién con una proporcién de reciclo A:R de 1:1
hasta 4:1 preferentemente de 3:1.

El residuo de la destilacién puede permanecer
en el recipiente de destilacién y puede someterse
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de nuevo a una destilacién junto con la carga si-
guiente o con los productos de cabeza reunidos.

El POCl3 purificado, obtenido mediante el
procedimiento segiin la invencién, corresponde a
los criterios importantes para una reutilizacién,
que se verifican mediante la medida del punto de
solidificacién (>0,8°C), del contenido en carbono
orgénico (TOC <200 ppm), del contenido en Fe,
Cr, Ni (<5 ppm), asi como mediante €l ensayo de
coloracién con piridina y por medio de ensayos de
cromatografia gaseosa.

Ejemplo 1

Se combinaron, en un matraz de 1 litro, con
termémetro, cestillo de calefaccién, con una co-
lumna de cuerpos de relleno con una longitud de
1 metro, cargada con anillos Raschig de 3 mm,
parte de reflujo, termémetro y refrigerante de re-
flujo, 500 ml de oxicloruro de fésforo que contie-
nen 400 ppm de TOC (recuperadas a partir de
una reaccién de cloracion para la obtencién de
4,6-dicloropirimidina), con 5,0 g de n-tributilami-
na y se calientan a ebullicién bajo reflujo. Al
cabo de 30 minutos de reflujo total se establecié
una temperatura en la cabeza de la columna de
101,8°C. A continuacién se ajusté una proporcién
de reflujo de 1:3. Tras una eliminacién por des-
tilacién de 10 ml se alcanzaron 103,1°C, tras 25
ml, 105,3°C, la temperatura de la cabeza perma-
necié entonces constante a esta temperatura. Una
vez que estaban presentes 40 ml de destilado al
cabo de 20 minutos de tiempo de destilacién, se
conmut6 a la fraccién principal y la proporcién de
reflujo se reajusto6 a 3:1. Al cabo de 80 minutos de
tiempo de destilacién y con una temperatura de
transicién constante de 105,3°C, se retiraron 420
ml de fraccién principal. El producto era inco-
loro, contenia 50 ppm de TOC y no tenia metales
pesados a escala de ppm, el punto de solidificacién
era de 1,1°.

Se anadieron al residuo liquido, coloreado de
negro, otros 500 ml de POCI; y se llevé a cabo
la destilacién como se ha descrito anteriormente.
Ademis de 40 ml de cabeza se retiraron de nuevo
420 ml de fraccién principal, que correspondia de
nuevo a las exigencias de las normas establecidas.
Se encontraron 60 ppm de TOC.

Ahora se recargaron de nuevo 500 ml de
POCI3 y de nuevo se llevé a cabo la destilacién.
Los 420 ml de la fraccién principal, contenfan 100
ppm de TOC y en el ensayo a la piridina se en-
contraba en el limite con respecto a la coloracién.
Todos los demés criterios eran conformes.

Al cabo de otra adicién de 500 ml de POCl;
y realizacion de la destilacién se retiraron 480 ml
de destilado como fraccién principal, que contenia
110 ppm de TOC pero que ya no correspondian
al ensayo a la piridina. La serie de ensayos se
interrumpié con los resultados siguientes:

Carga 2.000 ml de POCIl3 obtenido a partir
de reacciones de cloracién

160 ml de cabeza =8%
1740 ml de corriente principal = 87%
100 ml de reciclo =5%.

Con empleo de 5 g de tributilamina se obtuvie-
ron 1260 ml 6 2100 g de POCI3 puro que corres-
ponde a un gasto de tributilamina del 0,24 % refe-
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rido al POCl3 puro o del 0,2 % referido al POCl;
empleado, impurificado.
Ejemplo 2

Se combinaron en un matraz de 2 litros, con
columna y con distribuidor de reflujo, como se ha

" descrito en el ejemplo 1, 1.500 ml de POCl3 recu-

perado y que no corresponde a las exigencias de
las normas establecidas, que contienen 400 ppm
de TOC con 25 g de trioctilamina y a continua-
cién se elaboraron por destilacién como se ha des-
crito en el ejemplo 1. Al cabo de /5 horas de ebu-
llicién a reflujo permanecié constante la tempe-
ratura de la cabeza a 99,8°C. Tras retirada de
55 ml de destilado con una proporcién de reflujo
de 1:3 se establecié una temperatura de cabeza
de 105,4°C, al cabo de otros 50 ml de destilado,
la temperatura permaneci6 constante a 105,7°C.
Se necesitaron 27 minutos para la ecliminacién
por destilacién de 105 ml de producto de cabeza.
Ahora se conmuté a la fraccién principal con una
proporcién de reciclo de 3:1 y se retiraron 1300
ml de destilado (2 x 500 ml, 1 x 200 ml, 1 x 100
ml). La temperatura de la cabeza permaneci6
constante a 105,7°C. El conjunto de los 1300 ml
de las fracciones principales correspondia a los re-
quisitos de pureza.

Se anadieron a la cola remanente otros 1500
ml de POCl3 impurificado y se repiti6 el proceso
de destilacién. Al cabo de 110 ml de producto
de cabeza se retiraron 1370 ml de corriente prin-
cipal que correspondia a todas las exigencias de
las normas establecidas. A partir de 3000 ml de
POCI3 bruto se obtuvieron 215 ml de producto
de cabeza, lo que corresponde a un 7,2% y 2670
ml de producto puro, lo que corresponde a un
rendimiento del 89 %.

Ejemplo 3

Se combinaron 200 g de POCI3 impurificado
con 2 g de 5-etil-2-metilpiridina y se sometieron a
destilacién fraccionada a través de una columna.
Se obtuvieron 17 g (8,5 %) de producto de cabeza
y 160 g (80%) de fraccién principal, que corres-
pondia a todas las exigencias de las normas esta-
blecidas.

Ejemplo 4

Se cargaron en una cuba esmaltada de 2,5 m?,
con calefaccién por vapor, con la configuracion de
utillaje, descrita en el ejemplo 1, con una potencia
de separacién equivalente a la de la columna de
vidrio, 2500 kg de POCl3, que contienen 400 ppm
de TOC procedente de un proceso de cloracién y
se combinaron con 20 litros de n-tributilamina, a
continuacién se hirvié en el refrigerador a reflujo
durante 30 minutos, seguidamente se retiraron de
la cabeza de la columna 150 kg de producto de ca-
beza con una proporcién de reflujo de 1:3, hasta
un punto de ebullicién constante en la cabeza, se-
guidamente se conmuté a la fraccién principal y
se eliminaron por destilacién 1700 kg de POCI;
con una proporcién de reflujo de 3:1. La desti-
lacion se interrumpid, se recargaron en la cuba
1850 kg de POCI3 impurificado, obtenido en el
proceso de cloracidn, y se afiadieron 15 litros de n-
tributilamina, a continuacién se destilé de nuevo
como se ha descrito anteriormente, obteniéndose
en este caso nuevamente 150 kg de producto de
cabeza y 1470 kg de destilado puro. Se llevaron a
cabo otras cuatro cargas ulteriores de 7380 kg en
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total de POCI; y 60 litros de n-tributilamina. A
partir de 11630 kg de POCl3 en bruto se obtuvie-
ron 9,9 toneladas de POCI3 puro, de acuerdo con
las normas establecidas, aproximadamente 0,9 to-
neladas de producto de cabeza, que se reciclé de
nuevo al proceso de cloracién, y 760 kg de residuo
de destilacién, que contenfa todavia aproximada-
mente un 70% de POCI3 elaborable por desti-
lacién. La cantidad total de POCl3 recuperado
y reutilizable fue, por lo tanto, aproximadamente
de 11430 kg, es decir un 97,4% de la cantidad de
POCI; empleada.
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Ejemplo 5

Se dispusieron en un aparato de destilacién,
como el que se ha descrito en el ejemplo 1, en un
matraz de 1 litro, 440 ml 6 660 g de residuo de
destilacién procedente de la destilacién descrita
en el ejemplo 4 y se recuperaron 280 m! de POCl;
puro hasta un punto de ebullicién de la mezcla
de la reaccién de 118°C, con una proporcién de
reflujo de 2:1.

El residuo negro remanente, viscoso a tempe-
ratura ambiente, puede eliminarse mediante com-
bustién en una instalacién adecuada.
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REIVINDICACIONES

1. Procedimiento para la purificacién de oxi-
cloruro de fésforo recuperado o regenerado, impu-
rificado por compuestos orgdnicos reactivos, con
0,1 hasta 5% en peso de una amina orgénica con
1 6 2 dtomos de N terciarios y con un punto de
ebullicién mayor que el punto de ebullicién del
oxicloruro de fésforo y destilacién fraccionada a
presién normal, caracterizado porque en la des-
tilacién fraccionada se establece una proporcién
de reciclo en la cabeza de la columna de desti-
lacién, hasta alcanzarse el punto de ebullicién del
oxicloruro de fésforo puro, A:R de 1:1 hasta 1:4 y
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a continuacién se retira el oxicloruro de fésforo
puro con una proporcién de reciclo A:R de 1:1
hasta 4:1.

2. Procedimiento segin la reivindicacién 1,
caracterizado porque la destilacién fraccionada
se lleva a cabo por medio de una columna de des-
tilacién con 5 hasta 10 platos tedricos.

3. Procedimiento segin la reivindicacién 1,
caracterizado porque el residuo de la destilacién
permanece en el matraz de destilacién y se so-
mete a otra destilacién fraccionada junto con la
siguiente carga o con los productos de cabeza reu-
nidos.

NOTA INFORMATIVA: Conforme a la reserva
del art. 167.2 del Convenio de Patentes Euro-
peas (CPE) y a la Disposicién Transitoria del RD
2424/1986, de 10 de octubre, relativo a la aplicacién
del Convenio de Patente Europea, las patentes euro-
peas que designen a Espafia y solicitadas antes del
7-10-1992, no producirdn ningin efecto en Esparia
en la medida en que confieran proteccién a produc-
tos quimicos y farmacéuticos como tales.

Esta informacién no prejuzga que la patente esté o
no incluida en la mencionada reserva.
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CERTIFICA: /////
NOMBRE : LABORATORTO F%ﬁgQG/EOLOMBIANO LAFRANCOL S.A.

SIGLA : LAFRANCOL S.A.
DOMICILIO: CALI VALLE
DIRECCION COMERCIAL :CRA. 1 NRO. 46 84
DIRECCION NOTIFICACION JUDICIAL:CRA. 1 NRO. 46 84
CIUDAD:CALI
MATRICULA MERCANTIL NRO. 5233-4 FECHA MATRICULA : 02 DE OCTUBRE DE 1958

DIRECCION ELECTRONICA : lafrancolsa@Rlafrancol.co
DIRECCION WEB : www.lafrancol.com
AFILIADO g pro

_ " CERTTFICA:
NIT : 890301463-8 R

_ _ CERTIFICA: _
QUE POR ESCRITURA NRO." 1434 DEL’29 DE SEPTIEMBRE 'DE 1958  NOTARIA CUARTA DE
CALI , INSCRITA EN LA CAMARA DE COMERCIO EL 02 DE OCTUBRE DE 1958 BAJO EL NRO.

18319 DEL LIBRO IX , SE CONSTITUYO LA SOCIEDAD DENOMINADA LABORATORIO FRANCO
COLOMBIANO LAFRANCOL 'S.A. _ 1

. - CERTIFICA: = =
QUE POR ESCRITURA NRO. 3672 DEL 24 DE AGOSTO DE 2009 = MNOTARIA TERCERA DE CALI
, INSCRITA EN LA CAMARA DE COMERCIO EL 27 DE AGOSTO DE 2009 BAJO EL NRO. 9876
DEL LIBRO IX ,CAMBIO SU NOMBRE DE LABORATORIO FRANCO COLOMBIANO LAFRANCOL S.A.

POR EL DE LABORATORIO FRANCO COLOMBIANO LAFRANCOL S.A. SIGLA: LAFRANCOL S.

A.
CERTIFICA:

REFORMAS

DOCUMENTO FECHA.DOC  ORIGEN FECHA.INS ~NRO.

INS LIBRO (/////

E.P. 1104 30/06/1959 NOTARIA CUARTA DE CALI 07/07/1959

19467
~EJPL 2309 26/12/1959 NOTARIA CUARTA DE CALI 29/12/1959
20089
: LE;P}: 1725 24/07/1962 NOTARIA CUARTA DE CALI 26/07/1962
124528 N
E.P. 1824 31/07/1963 NOTARIA CUARTA DE CALI 14/08/1963

*%% CONTINUA ***
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_“QUE_ POR ESCRITURA NRO. 2339 DEL 10 DE JUNIO DE 2010 NOTAIRA TERCERA DE CALI, .
fINsCRITA EN LA CAMARA DE COMERCIO EL 15 DE JUNIO DE 2010 BAJO EL NRO. 7070 DEL
ifﬂLiBRO IX, SE INSCRIBIO LA RESOLUCION DE LA TRANSFORMACION DE SOCIEDAD PO
. ACCIONES '

" VIGENCIA: 29 DE SEPTIEMBRE DEL ANO 2057

E.P. 3865 02/08/1990 NOTARIA TERCERA DE CALI 13/08/1990
31708 IX

E.P. 8305 13/12/1995 NOTARIA TERCERA DE CALI 23/01/1996
557 IX

E.P. 4559 16/11/1999 NOTARIA TERCERA DE CALI 26/11/1999
7911 IX

E.P. 6.004 02/12/2004 NOTARIA TERCERA DE CALI 14/12/2004
13371 IX

E.P. 6241 27/12/2006 NOTARIA TERCERA DE CALI 19/01/2007
625 IX

E.P. 389 07/02/2008  NOTARIA TERCERA DE  CALI . 19/02/2008
E.P. 1907 11/05/2009 NOTARIA TERCERA DE CALI 26/05/2009
5950 IX o e g

E.P. 3672 24/08/2009  NOTARTA * TERCERA DE® ‘CAET -+ =+ 27/08/2009
9876 IX e SR . =

ACT 116 04/03/2010° ASAMBLEA GRAL. ORDINARIA =~ > 11/05/2010
5470 IX SN o it

E.P. 4421 21/10/2010 : NOTARIA TERCERA " DE CALI  ~~ % 26/10/2010
12622 1% e e 3 G T

E.P. 1786 16/05/2011 NOTARIA TERCERA DE CALI 24/05/2011
6318 IX

CERTIFICA:
QUE POR ACTA NRO. 116 DEL 04 DE MARZO DE 2010 ASAMBLEA GRAL ORDINARIA,
INSCRITA EN LA CAMARA DE COMERCIO EL 11 DE MAYO DE 2010 BAJO EL NRO. 5470 DE
LIBRO 1IX, SE TRANSFORMO DE LABOCRATORIO FRANCO COLOMBIANO LAFRANCOL S.A. SIGLA:
LAFRANCOL S.A. POR EL DE  LABORATORIO FRANCO COLOMBIANO LAFRANCOL S.A.S.
SIGLA: LAFRANCOL S.A.S.
CERTIFICA

ANONIMA.

SIMPLIFICADA A SOCIED,
CERTIFI%A{/AD

*%% CONTINUA ***
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CERTIFICA:

OBJETO SOCIAL. LA SOCIEDAD EN DESARROLLO DE SU OBJETO SOCIAL PODRA REALIZAR,
ENTRE OTROS, LAS SIGUIENTES ACTIVIDADES COMERCIALES Y EMPRESARIALES: 1)
FABRICACION, DISTRIBUCION Y VENTA EN EL TERRITORIO DE LA REPUBLICA DE COLOMBIA
O EN EL EXTRANJERO DE CUALESQUIERA TIPOS DE VACUNAS, PRODUCTOS QuUIiMICOS,
FARMACEUTICOS, ALIMENTICIOS FUNCIONALES, COSMETICOS Y FISIOLOGICOS REACTIVOS,
ANTIBIOTICOS PARA USO HUMANG Y VETERINARIO, PRODUCTOS DIETETICOS, COLORANTES,
DE PERFUMERIA, DISPOSITIVOS MEDICOS Y AFINES. 2) LA REPRESENTACION DE CASAS
FABRICANTES NACIONALES 0 EXTRANJERAS DE ESTOS MISMOS PRODUCTOS. 3)
FABRICACION, IMPORTACION, DISTRIBUCION Y VENTA DE CUALESQUIERA TIPO DE
PRODUCTOS VETERINARICS. 4) LA REALIZACION DE TODOS LOS ACTOS, CONTRATOS,
CONVENIOS, DIRECTAMENTE RELACIONADOS CON 1LOS FINES ANTES INDICADOS. 5)
IMPORTAR CUALESQUIERA TIPOS DE VACUNAS, PRODUCTOS Quimicos, FARMACEUTICOS,
ALIMENTICIOS FUNCIONALES, COSMETICOS Y FISIOLOGICOS, REACTIVOS, ANTIBIOTICOS
PARA Uso HUMANO Y VETERINARIO, PRODUCTOS DIETETICOS, COLORANTES, DE
PERFUMERIA, DISPOSITIVOS MEDICOS Y AFINES Y/O ©PRODUCIOS INTERMEDIOS O A
GRANEL. 6) EN DESARROLLO DE SU OBJETO SOGCIAL PODRA.LA SOCIEDAD ADQUIRIR Y
VENDER BIENES RAICES Y MUEBLES, DARLOS:Y TOMARLOS EN ARRENDAMIENTO, GARANTIZAR
CON HIPOTECA SOBRE LOS BIENES RAICES.O CON PRENDA SOBRE LOS BIENES MUEBLES,
OBLIGACIONES A CARGO DE LA SOCIEDAD; DAR Y RECIBIR A‘MUTUO COMERCIAL DINERO Y
CELEBRAR LOS CONTRATOS COMERCIALES DE CAMBIO éN TODAS SUS MANIFESTACIONES,
FUNDAR EMPRESAS QUE TENGAN O NO LA MISMA FINALIDAD SOCIAL O ASOCIARSE CON
ELLAS. 7) ADEMAS DE LAS ACTIVIDADES REFERIDAS, PODRA REALIZAR CUALQUIER
ACTIVIDAD, DE GESTION DE LICENCIAS, REGISTROS DE EXPORTACION O IMPORTACION,
CONVENIOS RELATIVOS A ESAS ACTIVIDADES Y LOS ACTOS RELACIONADOS CON EL MISMO.
PARAGRAFO: LA SOCIEDAD NO PODRA CONSTITUIRSE GARANTE, NI FIADORA DE
OBLIGACIONES DISTINTAS DE LAS PROPIAS, NI GARANTIZAR CON SUS BIENES
OBLIGACIONES DE TERCEROS, 2 MENOS QUE LO AUTORICE FN CADA CASO LA JUNTA
DIRECTIVA CON EL VOTO DE LA TOTALIDAD DE LOS MIEMBROS PRESENTES EN LA REUNION
CORRESPONDIENTE.

CERTIFICA:
ORGANOS DE ADMINISTRACION DE LA SOCIEDAD.
LA DIRECCION Y ADMINISTRACION DE LA SOCIEDAD ESTARAN A CARGO DE: 1. LA
ASAMBLEA GENERAL DE ACCIONISTAS; 2. LA JUNTA DIRECTIVA; 3. LOS REPRESENTANTES
LEGALES.
*** CONTINUA ***
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FUNCIONES DE LA ASAMBLEA GENERAL DE ACCIONISTAS, ADEMAS DE LAS ESTABLECIDAS EN
LA LEY, ESTE ORGANO TENDRA LAS STIGUIENTES FUNCIONES, ENTRE OTRAS: 5) DELEGAR
EN LA JUNTA DIRECTIVA, CUANDO LO ESTIME OPORTUNO, ALGUNA O ALGUNAS DE SUS
FUNCIONES CUYA DELEGACION NO ESTE PROHIBIDA POR LA LEY O POR LOS ESTATUTOS; 9)
NOMBRAR Y REMOVER EL LIQUIDADOR DE LA SOCIEDAD Y SU SUPLENTE, FIJAR SU
REMUNERACION Y CONSIDERAR, APROBAR O TIMPROBAR SUS CUENTAS; 10) DECLARAR
ORDINARIA O EXTRAORDINARIAMENTE DISUELTA Y EN ESTADO DE LIQUIDACION A LA
SOCIEDAD;  11) AUTORIZAR LA VENTA, TRANSFERENCIA, ACTOS DISPOSITIVOS, DE
ADMINISTRACION, O ARRIENDO, HIPOTECAR, GRAVAR, TOTAL O PARCIALMENTE LOS BIENES
QUE COMPONEN SU PATRIMONIO; 12) DECRETAR EL AUMENTO DE CAPITAL AUTORIZADO; 13)
DECRETAR LA PRORROGA DEL TERMINO DE DURACION DE.LA SOCIEDAD; 14) REMOVER EN
CURLQUIER ~ MOMENTO AL  PRESIDENTE “EJECUTIVO, "X "LOS 'MIEMBROS DE LA JUNTA
DIRECTIVA O AL REVISOR FISCAL Y SUS RESPECTIVOS SUPLENTES; 15) REALIZAR
CUALQUIER  MODIFICACION - ESTATUTARIA; .16) . DISPONER LA ESCISION, FUSION O
TRANSFORMACTON DE LA SOCIEDAD; 17) NOWMBRAR 'A “LOS "MIEMBROS DE LA JUNTA
DIRECTIVA Y EL REVISOR FISCAL DE LA SOCIEDAD Y SUS*RESPECTIVOS SUPLENTES; 19)
RDOPTAR TODAS 1AS MEDIDAS QUE RECLAMEN EL’CUMPLIMIENTO DE. LOS ESTATUTOS Y EL
INTERES DE LOS ACCIONISTAS Y DE LA SOCIEDAD. 20) LAS'QUE POR LEY Y POR SU
CONDICION DE SUPREMO “ORGANO SOCIAL  NATURALMENTE LE:CORRESPONDAN Y NO ESTEN
ASIGNADAS A OTRO ORGANO SOCIETARIO. -~
LA JUNTA DIRECTIVA. SE COMPONE DE TRES (3) MIEMBROS QUE SERAN ELEGIDOS POR LA
ASAMBLEA GENERAL DE ACCIONISTAS... LAS SUPLENCIAS SERAN NUMERICAS...
FUNCIONES DE LA JUNTA DIRECTIVA, ADEMAS DE LAS FUNCIONES DE LEY, ENTRE OTRAS:
2) CREAR 10S CARGOS QUE JUZGUE NECESARIOS PARA LA BUENA MARCHA DE LA EMPRESA,
NOMBRAR A QUIEN DEBA EJERCERLOS, SENALAR SUS FUNCIONES, FIJAR SUS ASIGNACTONES
O 1A FORMA DE RETRIBUCION, NOMBRAR Y REMOVER LIBREMENTE A LOS EMPLEADOS DE LA
SOCIEDAD, EXCEPTO AQUELLOS CUYO NOMBRAMIENTO O REMOCION CORRESPONDA A LA
ASAMBLEA GENERAL DE ACCIONISTAS. 3) NOMBRAR, REMOVER Y FIJAR ASIGNACTONES AL
PRESIDENTE ~ EJECUTIVO,  VICEPRESIDENTES Y  ADMINISTRADORES QUE  REPORTEN
_DIRECTAMENTE A TA  PRESIDENCIA EJECUTIVA. 9) AUTORIZAR AL PRESIDENTE
CEUECUTIVO, PARA QUE SOLICITE, DE ACUERDO CON LA LEY VIGENTZ, LLEGADO EL CASO, |
“QUE SE ADMITA A LA COMPANfA EN LA CELEBRACION DE PROCESO CONCURSAL CON SUS.
ACREEDORES, O  REESTRUCTURACION EMPRESARIAL. 17)  AUTORTZAR AL TERCER |
" REPRESENTANTE LEGAL QUE ES EL PRESIDENTE EJECUTIVO, AL CUARTO Y QUINTO
“REPRESENTANTES LEGALES PARA COMPROMETER A LA SOCIEDAD O A LOS NEGOCIOS
**%* CONTINUA #***
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SOCIALES EN CUANTIA SUPERIOR A SEIS MIL SALARIOS MINIMOS MENSUALES LEGALES
VIGENTES (6.000 SMMLV) PARA CELEBRAR CONTRATOS COMERCIALES DE COMPRAVENTA CON
LA NACION (MINISTERIOS Y  DEPARTAMENTOS  ADMINISTRATIVOS),  ENTIDADES
DESCENTRALTZADAS (ESTABLECIMIENTOS  PUBLICOS, EMPRESAS  INDUSTRIALES Y
COMERCIALES DEL ESTADO, SOCIEDADES DE ECONOMIA MIXTA), EMPRESAS SOCIALES
CIVILES Y COMERCIALES, NACIONALES O EXTRANJERAS, CUALQUIERA QUE SEA SU
NATURALEZA, GOBIERNOS O ENTIDADES EXTRANJEROS, CON FACULTADES PARA EXIGIR O
SUSCRIBIR  LOS DOCUMENTOS Y GARANTIAS NECESARIOS HASTA LA CUANTfA ANTES
MENCIONADA Y REPRESENTAR A LA COMPANIA EN CUALQUIER TRAMITE O PROCESO JUDICIAL
QUE SE ADELANTE ANTE LAS JURISDICCIONES CIVIL, LABORAL, COMERCIAL, PENAL Y
CONTENCIOSO ADMINISTRATIVA EN CALIDAD DE DEMANDANTES O DEMANDADOS Y CUALQUIER
OTRO TRAMITE EN EL QUE SE REQUIERA REPRESENTAR A LA COMPANTA ANTE ENTTDADES Y
ORGANISMOS DEL ESTADO DE CUALQUIER ORDEN O ENTIDADES DE NATURALEZA PRIVADA.
18) AUTORIZAR AL TERCER Y CUARTO REPRESENTANTE LEGAL PARA ADQUIRIR ACTIVOS
FIJOS SUPERIOR A  DOSCIENTOS UN SALARIOS MINIMOS MENSUALES LEGALES VIGENTES
(201 SMMLV), CREDITOS CON ENTIDADES ® FINANCIERAS . SUPERIORES A UN MILLON
QUINIENTOS MIL DOLARES AMERICANOS (USDS1.500.0000) Y DEFINIR LAS ATRIBUCIONES
AL TERCER Y CUARTO REPRESENTANTE LEGAL CORRESPONDIENTE A OTRAS COMPRAS POR
CONCEPTO DE ASESORIAS Y GASTOS DIFERENTES A LOS ANTERIORES. 19) AUTORIZAR AL
TERCER Y CUARTO REPRESENTANTE LEGAL DE LA COMPANIA PARA QUE CELEBREN CONTRATOS
DE ~ SOCIEDAD O PARTICIPEN EN OTRAS COMPANIAS COMERCIALES, NACIONALES O
EXTRANJERAS. 20) AUTORIZAR AL TERCER Y CUARTO REPRESENTANTE LEGAL PARA QUE
SUSCRIBAN TODA CLASE DE DOCUMENTOS PUBLICOS O PRIVADOS Y CON EL PROPOSITO DE
INSTRUMENTAR CUALQUIER TIPO DE ACTOS, NEGOCIOS JURIDICOS, OPERACIONES DE
CUALQUIER INDOLE, Y SIEMPRE Y CUANDO SUPERE LA CUANTfA PREVISTA PARA LA
REALIZACION DE ACTOS POR PARTE DEL REPRESENTANTE LEGAL DE LA COMPANTA. 22)
AUTORIZAR LA CONSTITUCION O SUPRESION DE SUCURSALES O AGENCIAS. 26) AUTORIZAR
LA NOVACION O CUALQUIER FORMA EXTINTIVA DE OBLIGACIONES. 27) AUTORIZAR LA
ENAJENACION A  CUALQUIER  TITULO, RELACIONADA CON MAQUINARIA INDUSTRIAL,
TERRENOS, EDIFICIOS E INTANGIBLES Y APROBAR DONACIONES. IGUALMENTE AUTORIZARA
LA CONSTITUCION DE GARANTIAS HIPOTECARIAS, PRENDARIAS O DE CUALQUIER OTRA
INDOLE SOBRE DICHOS ACTIVOS. 29) LAS DEMAS QUE LE ASIGNEN LOS ESTATUTOS Y LAS
LEYES SOBRE LA MATERIA.

REPRESENTACION LEGAL. ADMINISTRACION.
LA ADMINISTRACION DE LA SOCIEDAD CORRESPONDE AL PRESIDENTE EJECUTIVO, TERCER
*%% CONTINUA **+*
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REPRESENTANTE LEGAL DE LA COMPANIA, ASI COMO LA GESTION Y EJECUCION DE LOS
NEGOCIOS Y ASUNTOS SOCIALES. EL PRESIDENTE EJECUTIVO DE LA SOCIEDAD, SERA
DESIGNADO POR LA JUNTA DIRECTIVA PARA PERIODOS DE UN (1) ANO, SIN PERJUICIO
DE SU LIBRE REMOCION Y REELECCION INDEFINIDA.

EL  PRESIDENTE Y VICEPRESIDENTE DE LA JUNTA DIRECTIVA, SERA TAMBIEN
REPRESENTANTE LEGAL PRIMERO Y SEGUNDO DE LA SOCIEDAD.

LAS ATRIBUCIONES INHERENTES A LA CALIDAD DE REPRESENTANTES LEGALES, DE ESTOS
CARGOS Y EN ESPECIAL LAS DISPOSITIVAS, SERAN EJERCIDAS SIN LAS LIMITACIONES
ESTABLECIDAS EN ESTOS ESTATUTOS PARA OTROS REPRESENTANTES LEGALES.
EL CUARTO Y QUINTO REPRESENTANTE LEGAL, SERAN REPRESENTANTES LEGALES DE LA
SOCIEDAD QUIENES SON ELEGIDOS POR LA:JUNTA DIREGTIVA CON SUS LIMITACIONES EN
SUS FUNCIONES. R EERE EEE A

LAS ATRIBUCIONES INHERENTES A LA CALIDAb DEL CUARTO REPRESENTANTE LEGAL, Y EN
ESPECIAL LAS DISPOSITIVAS, SERAN EJEBCiDAS CON sUJEéié&fA LAS LIMITACIONES
ESTABLECIDAS EN ESTOS ~ESTATUTOS - PARA' EL PRESIDENTE ' EJECUTIVO QUIEN ES EL
TERCER REPRESENTANTE LEGAL. -« . gé?
EXISTIRA UN QUINTO REPRESENTANTE LEGAL DE LAFSOCIEDAD*QUg éENDRA LIMITACION EN
SUS FUNCIONES CUANDO 'SE TRATE DE COMPROMETER A LA sogtEpAD 0 A LOS NEGOCIOS
SOCIALES EN CUANTIA NO SUPERIOR A,SEISiMIL‘SALABEQS"Mi:ﬁMOS MENSUALES LEGALES
VIGENTES (6.000 SMMLV) PARA CELEBRAR CONTRATOS COMERCIALES DE COMPRAVENTA CON
LA NACION (MINISTERIOS Y  DEPARTAMENTOS  ADMINISTRATIVOS),  ENTIDADES
DESCENTRALIZADAS (ESTABLECIMIENTOS PUBLICOS,  EMPRESAS  INDUSTRIALES Y
COMERCIALES DEL ESTADO, SOCIEDADES DE ECONOMIA MIXTA), EMPRESAS SOCIALES
CIVILES Y COMERCIALES, NACIONALES O EXTRANJERAS, CUALQUIERA QUE SEA SU
NATURALEZA, GOBIERNOS Y ENTIDADES DEL EXTERIOR, CON FACULTADES PARA EXIGIR O
SUSCRIBIR  LOS DOCUMENTOS Y GARANTI{AS NECESARIOS HASTA LA CUANTIA ANTES
MENCIONADA Y REPRESENTAR A LA COMPANIA EN CUALQUIER TRAMITE O PROCESO JUDICIAL
QUE SE ADELANTE ANTE LAS JURISDICCIONES CIVIL, LABORAL, COMERCIAL, PENAL Y
CONTENCIOSO ADMINISTRATIVA EN CALIDAD DE DEMANDANTES O DEMANDADOS Y CUALQUIER
OTRO TRAMITE EN EL QUE SE REQUIERA REPRESENTAR A LA COMPANIA ANTE ENTIDADES

. FUNCIONES DEL PRESIDENTE EJECUTIVO. EL PRESIDENTE EJECUTIVO DE LA SOCTEDAD Eén

UN_ .- MANDATARIO CON REPRESENTACION, INVESTIDO DE FACULTADES EJECUTIVAS

_ADMINISTRATIVAS, Y COMO TAL, TIENE A SU CARGO LA TERCERA REPRESENTACION LEGAL

LA | GESTION COMERCIAL Y FINANCIERA, LA RESPONSABILIDAD DE LA ACCI@N‘ ;
' **% CONTINUA *** , .
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ADMINISTRATIVA, LA COORDINACION Y SUPERVISION GENERAL DE LA EMPRESA, LAS
CUALES ~ CUMPLIRA CON ARREGLO A LAS NORMAS DE ESTOS ESTATUTOS Y LAS
DISPOSICIONES LEGALES, Y CON SUJECION A LAS ORDENES E INSTRUCCIONES DE LA
JUNTA DIRECTIVA. ADEMAS DE LAS FUNCIONES ANTES INDICADAS, CORRESPONDE AL
PRESIDENTE EJECUTIVO DE LA SOCIEDAD: 1) COMPROMETER A LA SOCIEDAD O A LOS
NEGOCIOS SOCIALES EN CUANTIA NO SUPERIOR A SEIS MIL SALARIOS MINIMOS MENSUALES
LEGALES ~ VIGENTES  (6.000 SMMLV) PARA CELEBRAR CONTRATOS COMERCIALES DE
COMPRAVENTA ~ CON LA NACION (MINISTERIOS Y DEPARTAMENTOS ADMINISTRATIVOS),
ENTIDADES DESCENTRALIZADAS (ESTABLECIMIENTOS PUBLICOS, EMPRESAS INDUSTRIALES Y
COMERCIALES DEL ESTADO, SOCIEDADES DE ECONOMIA MIXTA), EMPRESAS SOCIALES
CIVILES Y COMERCIALES, NACIONALES O .EXTRANJERAS, CUALQUIERA QUE SEA SU
NATURALEZA, CON GOBIERNOS O ENTIDADES EXTRANJERAS, CON FACULTADES PARA EXIGIR
O SUSCRIBIR LOS DOCUMENTOS Y GARANTIAS NECESARIOS HASTA LA CUANTIA ANTES
MENCIONADA Y REPRESENTAR A LA COMPANTA'EN CUALQUIER TRAMITE O PROCESO JUDICIAL
QUE SE ADELANTE ANTE LAS JURISDICCIONES CIVIL, LABORAL, COMERCIAL, PENAL Y
CONTENCIOSO ADMINISTRATIVA 'EN CALIDAD DE DEMANDANTES O DEMANDADOS Y CUALQUIER
OTRO TRAMITE EN EL QUE SE REQUIERA REPRESENTAR A LA COMPANTA ANTE ENTIDADES Y
ORGANISMOS DEL ESTADO DE CUALQUIER ORDEN O ENTIDADES DE NATURALEZA PRIVADA;
ADQUISICION DE ACTIVOS . FIJOS NO SUPERIOR A DOSCIENTOS UNO SALARIOS MINIMOS
MENSUALES ~ LEGALES  VIGENTES (201 SMMLV); OBTENER CREDITOS CON ENTIDADES
FINANCIERAS NO SUPERIORES A UN MILLON QUINIENTOS MIL DOLARES AMERICANOS
(US$1.500.0000) Y CONTRATAR OTRAS COMPRAS POR CONCEPTO DE ASESORTAS Y GASTOS
DIFERENTES A LOS ANTERIORES PREVIA APROBACION DE LA JUNTA DIRECTIVA. 2)
CUMPLIR Y HACER CUMPLIR LAS DECISIONES DE LA ASAMBLEA GENERAL DE ACCIONISTAS Y
DE LA JUNTA DIRECTIVA Y HACER USO DE LA RAZON SOCIAL. C) REPRESENTAR
LEGALMENTE A LA SOCIEDAD CONFORME A LA LEY ANTE TODAS LAS AUTORIDADES CIVILES,
JUDICIALES, MILITARES, SANITARIAS, DE POLICTAS ADUANALES, POSTALES, ETC. 3)
ORGANIZAR LOS SERVICIOS Y LAS OFICINAS DE LA SOCIEDAD, LA CONTABILIDAD Y
APLICAR 1OS ESTATUTOS Y REGLAMENTOS. 4) LLEVAR A CABO LA GESTION COMERCIAL Y
FINANCIERA. 5) TENDRA LA PLENA RESPONSABILIDAD DE LA ACCION ADMINISTRATIVA, LA
COORDINACION Y LA SUPERVISION GENERAL DE LA SOCIEDAD, LAS CUALES CUMPLIRA CON
ARREGLO A LAS NORMAS DE ESTOS ESTATUTOS. 6) COMPARECER EN LOS JUICIOS,
TRANSIGIR Y COMPROMETER LOS NEGOCIOS SOCIALES DE CUALESQUIERA NATURALEZA QUE
FUEREN, INTERPONER TODO GENERO DE RECURSOS Y CONSTITUIR APODERADOS QUE LO
REPRESENTEN JUDICIAL O EXTRAJUDICIALMENTE. 7) HACER DEPOSITOS EN BANCOS Y
** % CONTINUA ***
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AGENCIAS  BANCARIAS, FIRMAR CHEQUES, LETRAS, PAGARES, GIROS, LIBRANZAS Y
CUALQUIER OTRO DOCUMENTO, ASf COMO NEGOCIAR ESTOS INSTRUMENTOS, TENERLOS,
COBRARLOS Y PAGARLOS, DESCARGARLOS, ETC. 8) NOMBRAR Y REMOVER LIBREMENTE A LOS
EMPLEADOS DISTINTOS DE LOS QUE LA JUNTA DIRECTIVA TENGA ATRIBUCIONES. 9)
PRESENTAR A LA ASAMBLEA GENERAL DE ACCIONISTAS, EN SUS REUNIONES ORDINARIAS,
EL INFORME SOBRE LA FORMA COMO HAYA LLEVADO A CABO SU GESTION E INNOVACIONES
QUE CONVENGA INTRODUCIR PARA EL MEJOR SERVICIO DE SUS INTERESES. 10) SUSCRIBIR
TODA CLASE DE DOCUMENTOS PUBLICOS O PRIVADOS, CUANDO LA JUNTA DIRECTIVA LO
AUTORICE Y CON EL PROPOSITO DE INSTRUMENTAR CUALQUIER TIPO DE ACTOS, NEGOCIOS
JURIDICOS, OPERACIONES DE CUALQUIER INDOLE, Y STEMPRE Y CUANDO NO SUPERE LA
CUANTIA  PREVISTA EN ESTOS, ESTATUTOS..COMO LIMITE DEL EJERCICIO DE SUS
FUNCIONES, Y POR ENCIMA  DE' LA CUAL REQUIERE  AUTORTZACION DE LA JUNTA
DIRECTIVA. 11) PODRA  EJERCER LA REPRESENTACION LEGAL, SIN PERJUICIO DE LA
MISMA FUNCION ASIGNADA- A LOS OTROS REPRESENTANTES LEGALES. PARA OTORGAR PODERES
A TERCEROS, NOMBRAR ABOGADOS . Y . PROCURADORES, INTERPONER RECLAMACTONES EN LA
VIA  GUBERNATIVA, ANTE TRIBUNALES, JURISDICCIONES "ORDINARIAS, LABORALES Y
ESPECIALES,  REPRESENTAR- A LA SOCIEDAD ANTE ADMINISTRAGIONES O HACTIENDAS
PUBLICAS, PRIVADAS, NACIONALES, INTERNACIONALES Y AUTONOMICAS, CONCURRIR A
TODA CLASE DE SUBASTAS, CONCURSOS, O  SUMINISTROS OFICIALES O PARTICULARES,
PUDIENDO POR TANTO REDACTAR, SUSCRIBIR; PRESENTAR:Y, EN SU CASO, MEJORAR EN
LICITACION VERBAL O ESCRITA LAS OFERTAS O PROPOSICIONES PERTINENTES, ACEPTAR
DONACIONES PARA LA SOCIEDAD Y ACEPTAR CON BENEFICIO DE INVENTARIO, LEGADOS,
EJERCITAR ACCIONES O PONER EXCEPCIONES, PARA ACTUAR EN CALIDAD DE DEMANDANTE,
DEMANDADO O TERCERO INTERVINIENTE. 12) ORDENAR 1LOS PAGOS A REALIZAR POR LA
SOCIEDAD PARA QUE EL TESORERO O QUIEN HAGA SUS VECES, EXPIDA LAS ORDENES DE
PAGO USANDO EL MEDIO MAS EXPEDITO PARA CONTAR CON 1A CELERIDAD QUE LOS
NEGOCIOS SOCIALES EXIGEN; TODO ELLO DENTRO DE LAS LIMITACIONES ESTABLECIDAS EN
ESTOS ESTATUTOS.

REVISOR FISCAL. LA DESIGNACION DEL REVISOR FISCAL Y SUS RESPECTIVOS SUPLENTES
CORRESPONDE A LA ASAMBLEA GENERAL DE ACCIONISTAS Y SERA ELEGIDO POR LA MAYORfA

CERTIFICA:
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FUE (RON) NOMBRADO (S) :
PRESIDENTE DE LA JUNTA DIRECTIVA Y REPRESENTANTE LEGAL
ESTHER ISABEL VENTURA DE RENDON
C.C.38979831
VICEPRESIDENTE DE LA JUNTA DIRECTIVA Y SEGUNDO REPRESENTANTE LEGAL
JUAN MARIA RENDON GUTIERREZ
C.C.17125100
PRESIDENTE EJECUTIVO - TERCER REPRESENTANTE LEGAL
JUAN CAMILO PALACIO RAMIREZ
C.C.19455622
CUARTO REPRESENTANTE LEGAL
ROBERTO MAURICE VENTURA CRISPINO
C.C.9086003
QUINTO REPRESENTANTE LEGAL
JUAN PABLO REYES VILLAMIZAR
C.C.80419709
‘ ' CERTIFICA
DOCUMENTO: ACTA No. 1le DEL 04 DE MARZO DE 2010
ORIGEN: ASAMBLEA GRAL ORDINARIA
INSCRIPCION: 11 DE MAYC DE 2010 NO 5471 DEL LIBRO IX
FUE (RON) NOMBRADO (S)
JUNTA DIRECTIVA
PRINCIPALES
PRIMER RENGLON
ESTHER ISABEL VENTURA DE RENDON
C.C.38979831
SEGUNDO RENGLON
JUAN MARIA RENDON GUTIERREZ
C.C.17125100
TERCER RENGLON
LUIS ALFONSO MORA TEJADA
C.C.4610260
SUPLENTES
PRIMER RENGLON
JUAN MANUEL RENDON VENTURA
**% CONTINUA ***
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C.C.79939921
SEGUNDO RENGLON
ADRIANA RENDON DE ANTORCHA
C.C.66901857
TERCER RENGLON
CARLOS ANTONTO ESPINOSA PEREZ
C.C.16684716

CERTIFICA:
DOCUMENTO: ACTA No. 118 DEL 29 DE JUNIO DE 2010
ORIGEN: ASAMBLEA DE ACCIONISTAS
INSCRIPCION: 12 DE AGOSTO DE 2010 N&. 9529 DEL LIBRO IX
FUE (RON) NOMBRADO (S): [T TP O N
REVISOR FISCAL FIRMA . -
DELOITTE & TOUCHE LTDA D & T LTDA® |
NIT.860005813-4 =« -+ S

_ .. . . CERTIFICAY ":
DOCUMENTO: DOCUMENTO PRIVADO DEL 02 DE AGOSTO DE:2010
ORIGEN: DELOITTE & TOUCHE LTDA D & T LTDA 5
INSCRIPCION: 12 DE AGOSTO DE 2010 No. 9530 DEL LIBRO IX
FUE (RON) NOMBRADO (S) : - G R
REVISOR FISCAL PRINCIPAL
LEANDRO FELIPE PAZ AGELVIS
C.C.14700811
REVISOR FISCAL SUPLENTE
HEYMAN ANTONTO GTL BALCAZAR
C.C.16796791
CERTIFICA:
CAPITAL AUTORIZADO: $40,000,000,000
NUMERO DE ACCIONES: 4, 000,000,000
VALOR NOMINAL: $10
CAPITAL SUSCRITO: $20,150,975,220
NUMERO DE ACCIONES: 2,015,097,522
VALOR NOMINAL: $10
 .CAPTTAL PAGADO: $20,150,975,220
'NUMERO DE ACCIONES: 2,015,097,522
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VALOR NOMINAL: $10
CERTIFICA:

DOCUMENTO: DOCUMENTO PRIVADO DEL 03 DE DICIEMBRE DE 20009
INSCRIPCION: 28 DE DICTIEMBRE DE 2009 BAJO EL NRO. 14869 DEL LIBRO IX
CONSTA LA SITUACION DE CONTROL:
CONTROLANTE: DORAL INVESTMENTS INTERNATIONAL INC
DOMICILIO: ISLAS VIRGENES BRITANICAS
ACTIVIDAD: OTRAS ACTIVIDADES EMPRESARIALES
CONTROLADA: LABORATORIO FRANCO COLOMBIANO LAFRANCOL S.A.
NIT: 890301463-8
DOMICILIO: CALI VALLE
NACIONALIDAD: COLOMBIANA
ACTIVIDAD: LA FABRICACION, DISTRIBUCION Y VENTA EN EL TERRITORIC DE LA
REPUBLICA DE COLOMBIA O EN EL EXTRANJERO DE CUALESQUIERA TIPOS DE VACUNAS,
PRODUCTOS QUiMICOS, ’FARMACEUTICOS, ALIMENTQS FUNCIONALES, COSMETICOS Y
FISIOLOGICOS, REACTIVOS, ‘ANTIBIOTICOS PARA USO HUMANO Y VETERINARIO, PRODUCTOS
DIETETICOS, COLORANTES DE PERFUMERIA Y AFINES.
PRESUPUESTO DE CONTROL:- POSEE PARTICIPACION ACCIONARIA MAYOR AL 50% A PARTIR
DEL 10 bE NOVIEMBRE DE 2009.

, CERTIFICA:
DOCUMENTO: DOCUMENTO PRIVADO DEL 30 DE ABRIL DE 2004
INSCRIPCION: 03 DE MAYO DE 2004 No. 4859 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 29 DE ABRIL DE 2005
INSCRIPCION: 06 DE MAYO DE 2005 No. 4983 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 15 DE JUNIO DE 2006
INSCRIPCION: 21 DE JUNIO DE 2006 No. 7526 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 01 DE NOVIEMBRE DE 2006
INSCRIPCION: 28 DE NOVIEMBRE DE 2006 No. 13380 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 19 DE DICIEMBRE DE 2006
INSCRIPCION: 21 DE DICIEMBRE DE 2006 No. 14301 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 19 DE DICIEMBRE DE 2007
INSCRIPCION: 21 DE DICIEMBRE DE 2007 No. 13604 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 19 DE OCTUBRE DE 2000
INSCRIPCION: 22 DE OCTUBRE DE 2009 No. 12216 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 23 DE FEBRERO DE 2010
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INSCRIPCION: 25 DE FEBRERO DE 2010 No. 2203 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 27 DE ABRIL DE 2010
INSCRIPCION: 28 DE ABRIL DE 2010 NRO. 4911 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 10 DE JUNIO DE 2010
INSCRIPCION: 17 DE JUNIO DE 2010 NRO. 7195 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 25 DE AGOSTO DE 2010
INSCRIPCION: 07 DE SEPTIEMBRE DE 2010 BAJO EL NRO. 10541 DEL LIBRO IX
DOCUMENTO: DOCUMENTO PRIVADO DEL 14 DE JUNIO DEL 2011
INSCRIPCION: 22 DE JUNIO DE 2011 BAJO EL NRO. 7772 LIBRO IX
CONSTA EL SIGUIENTE GRUPO EMPRESARIAL:
CONTROLANTE o o S
LABORATORIO FRANCO COLOMBIANO LAFRANCOL S.A. -ii’
NIT. 890301463-8 B
DOMICILIO:CALI VALLE.
NACIONALIDAD:COLOMBIA - ‘. : £33 T he
ACTIVIDAD: A) LA FABRICACIéN; 'DISTRIBUCiCN Yk_VEN&“?_EN“ EL TERRITORIO DE LA
REPUBLICA DE COLOMBIA --O EN EL EXTRANJERO DE CUALESQUIERA TIPOS DE VACUNAS,
PRODUCTOS ~ QUEMICOS, ~ FARMACEUTICOS, ALIMENTOS  FUNCIONATES, COSMETICOS Y
FISTOLOGICOS, REACTIVOS, | ANTIBIOTICOS BARA USQ HUMANO.Y:VETERINARIO, PRODUCTOS
DIETETICOS, COLORANTES DE-.PERFUMERIA 'Y AFINES£ éy'LA;REPRESENTACION DE CASAS
FABRICANTES NACIONALES 0 EXTRANJERAS DE ESTOS MISMOS PRODUCTOS. C)
FABRICACION, IMPORTACION, DISTRIBUCION Y VENTA DE CUALESQUIERA TIPOS DE
PRODUCTOS VETERINARIOS. D) LA REALIZACION DE TODOS LOS ACTOS, CONTRATOS,
CONVENIOS, DIRECTAMENTE RELACIONADOS CON LOS FINES ANTES INDICADOS. EN
DESARROLLC DE SU OBJETO SOCIAL PUEDE LA SOCIEDAD ADQUIRIR Y VENDER BIENES
RAICES Y MUEBLES, DARLOS Y TOMARLOS EN ARRENDAMIENTO, GARANTIZAR CON HIPOTECA
SOBRE LOS BIENES RAICES O CON PRENDA SOBRE LOS BIENES MUEBLES, OBLIGACIONES A
CARGO DE LA SOCIEDAD, DAR Y RECIBIR A MUTUO COMERCIAL DINERO Y CELEBRAR LOS
CONTRATOS COMERCIALES DE CAMBIO EN TODAS SUS MANIFESTACIONES, FUNDAR EMPRESAS
QUE TENGAN LA MISMA FINALIDAD SOCIAL O ASOCIARSE CON ELLAS.
© 'SUBORDINADA
AMERICAN GENERICS S A S
NIT. 800223214-9
'DOMICILIO:CALI VALLE
- 'NACIONALIDAD:COLOMBIA

*%% CONTINUA ***
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PRESUPUESTO DE CONTROL:NUMERAL 1, ARTICULO 27 DE LA LEY 222 DE 1995.
ACTIVIDAD: DISTRIBUCION Y COMERCIALIZACION DE PRODUCTOS FARMACEUTICOS DE Uso
HUMANO.

SUBORDINADA

LAFRANCOL INTERNACIONAIL S.A.S.

NIT. 815003912-2

DOMICILIO:PALMIRA VALLE

NACIONALIDAD:COLOMBIA

PRESUPUESTO DE CONTROL: NUMERAL 3, ARTICULO 27 DE LA LEY 222 DE 1995.

ACTIVIDAD: REALIZACION DE ACTIVIDADES DESDE LA ZONA FRANCA, LAS CUALES

CONSISTEN EN LA PRESTACION DE TODO TIPO DE SERVICIOS ASI como DISTRIBUIR,

VENDER, COMPRAR, IMPORTAR, EXPORTAR Y ALMACENAR'TODO TIPO DE MATERIAS PRIMAS,

PRODUCTOS TERMINADOS Y SEMITERMINADOS RELACIONADOS CON .- LA INDUSTRIA DE

ALIMENTOS, COSMETICA Y FARMACEUTICA.

SUBORDINADA o '

LAFRANCOL PERU S.A

DOMICILIO:LIMA

NACIONALIDAD:PERU . _ ‘

PRESUPUESTO DE CONTROL: NUMERAL 1, ARTICULO 27 DE LA LEY 222 DE 1995.

ACTIVIDAD: DISTRIBUCION ZY‘ COMERCIALIZACION DE - PRODUCTOS FARMACEUTICOS DE USO

HUMANO. '

SUBORDINADA

LABORATORIOS PAULY PHARMACEUTICAL S.A.S.

NIT. 800097402-6

DOMICILIO:CALI VALLE

NACIONALIDAD:COLOMBIA

PRESUPUESTO DE CONTROL:NUMERAL 1, ARTICULO 27 DE LA LEY 222 DE 1995.

ACTIVIDAD: DISTRIBUCION Y COMERCIALIZACION DE PRODUCTOS FARMACEUTICOS DE USO

HUMANO.

SUBORDINADA

LAFRANCOL (USA) CORP

DOMICILIO:ESTADOS UNIDOS

NACIONALIDAD:ESTADOS UNIDOS

PRESUPUESTO DE CONTROL:NUMERAL 1, ARTICULO 27 DE LA LEY 222 DE 1995.

ACTIVIDAD: DISTRIBUCION Y COMERCIALIZACION DE PRODUCTOS FARMACEUTICOS DE USO
*%% CONTINUA ***
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HUMANO.
SUBORDINADA

GAMAR SOCIEDAD S A S EN LIQUIDACION
NIT. 890312050-7

DOMICILIO:CALI VALLE
NACTIONALIDAD:COLOMBIA

PRESUPUESTO DE CONTROL:NUMERAL 1, ARTICULO 27 DE LA LEY 222 DE 1995.
ACTIVIDAD:TODAS LAS ACTIVIDADES RELACIONADAS CON LAS ARTES GRAFICAS.
SUBORDINADA

LAFRANCOL GUATEMALA S.A.
NIT. 4088707

DOMICILIO: GUATEMALA
NACIONALIDAD:GUATEMALA o e
PRESUPUESTO DE CONTROL:NUMERAL 1, -ARTICULO 27 DE LA LEY 222 DE 1995.
ACTIVIDAD: PRODUCCION, FABRICACION, EXPORTACION Y DISTRIBUCION DE PRODUCTOS
FARMACEUTICOS ~ Y/O  ALIMENTICIOS- Y ~NATURALES. 'DE..CONSUMO HUMANO Y LA
COMERCTALIZACION DE TODA' CLASE DE MERCANCIAS POR CUENTA PROPTA O EN NOMBRE DE
TERCEROS . - S 5y

SUBORDINADA :

DISTRIBUCIONES UQUIFA S A.S

NIT. 800182021-7

DOMICILIO:CALI VALLE

NACIONALIDAD:COLOMBIA

PRESUPUESTO DE CONTROL:NUMERAL 1, ARTICULO 27 DE LA LEY 222 DE 1995.
ACTIVIDAD: DISTRIBUCION Y  COMERCIALIZACION DE PRODUCTOS FARMACEUTICOS Y
ALIMENTOS FUNCIONALES DE CONSUMO HUMANO.
SUBORDINADA

LABORATORIOS NATURMEDIK S A S

NIT. 800226363-1

DOMICILIO:CALI VALLE
'NACIONALIDAD:COLOMBIA

*PRESUPUESTO DE CONTROL:NUMERAL 1, ARTICULO 27 DE LA LEY 222 DE 1995.
 ACTIVIDAD: DISTRIBUCION Y COMERCIALIZACION DE PRODUCTOS FARMACEUTICOS DE Ué@
" HUMANO. :
SUBORDINADA

*%% CONTINUA **%*
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LAFRANCOL DOMINICANA S.A.

DOMICILIO:SANTO DOMINGO REPUBLICA DOMINICANA

NACIONALIDAD:REPUBLICA DOMINICANA

PRESUPUESTO DE CONTROL:NUMERAL 1, ARTICULO 27 DE LA LEY 222.

ACTIVIDAD:FABRICACION DE PRODUCTOS FARMACEUTICOS.

SUBORDINADA

LABORATORIO FRANCO-COLOMBIANO DEI ECUADOR S.A.

DOMICILIO: GUAYAQUIL, REPUBLICA DEL ECUADOR

NACIONALIDAD: ECUATORIANA

PRESUPUESTO DE CONTROL: NUMERAL 1, ARTICULC 27 DE LA LEY 222 DE 1995. LA FECHA

DE LA PRIMERA TRANSACCION -COMERCIAIL FUE -EN JUNIO DE 2009 Y LA CAPITALIZACION

SE HIZO EN OCTUBRE DE 2009.

ACTIVIDAD: DEDICARSE A 1A FABRICACION; PRODUCCION, EMPAQUE, COMERCIALIZACION,

DISTRIBUCION, COMPRAVENTA, IMPORTACION, EXPORTACION Y/0 REPRESENTACION DE TODO

TIPO DE PRODUCTOS FARMACEUTICOS, HIGIENICOS, COSMETICOS, ALIMENTICIOS,

DIETETICOS Y BAJOS EN CALORIAS, VETERINARIOS, APARATOS E INSTRUMENTOS

QUIRURGICOS, MEDICOS, DENTALES Y VETERINARIOS. PODRA ADQUIRIR ACCIONES,

PARTICIPACIONES O CUQOTAS SOCIALES DE CUAiQUiER CLASE DE COMPANIA, SEA NACIONAL

O EXTRANJERA, PUDIENDG INTERVENIR EN IA . FUNDACION O AUMENTO DE CAPITAL DE

OTRAS SOCIEDADES QUE TENGAN OBJETIVOS SOCIALES RELACIONADOS CON EL SUYO. PODRA

CONSTRUIR, ADQUIRIR EN PROPIEDAD, ARRENDAMIENTO O EN ASOCIACION TODA CLASE DE

PLANTAS INDUSTRIALES PARA PRODUCCION, EMPAQUE, PROCESAMIENTO O CUALQUIER OTRA

FORMA PARA LA COMERCIALIZACION EN EL MERCADO INTERNO Y EXTERNO DE PRODUCTOS

FARMACEUTICOS YA SEA PARA EL CONSUMO HUMANO, VEGETAL O ANIMAL.

SUBORDINADA

FOCUS PHARMACEUTICAL S.A.S.

NIT: 900.104.555-8

DOMICILIO: BOGOTA D.cC.

NACIONALIDAD: COLOMBIANA

PRESUPUESTO DE CONTROL: NUMERAL 1, ARTICULO 27 DE LA LEY 222 DE 1995. LA FECHA

DE LA PRIMERA TRANSACCION COMERCIAL FUE EN ENERO DE 2010 Y LA CAPITALIZACION

SE HIZO EN ENERO DE 2010.

ACTIVIDAD: EL OBJETO PRINCIPAL DE LA SOCIEDAD ES EL DESARROLLO, FABRICACION O

PRODUCCION, DIRECTAMENTE O A TRAVES DE TERCEROS EN CUALQUIER MODALIDAD

NEGOCIAL, LA COMERCIALIZACION Y DISTRIBUCION, NACIONAL O INTERNACIONAL, DE
**%x CONTINUA **%
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TODA CLASE DE  ARTICULOS DE GENERO  FARMACEUTICO, ESPECIFICAMENTE DE

MEDICAMENTOS ESA ACTIVIDAD PRINCIPAL CONLLEVA LA HABILITACION PARA DESARROLLAR

TODA OTRA CONEXA O NECESARIA, INCLUYENDO DE MANERA ESPECIAL PERO NO

LIMITATIVA, LA INVESTIGACION FARMACEUTICA, EL DESARROLLO DE PRODUCTOS MEDICOS

Y FARMACEUTICOS, EQUIPOS MEDICOS, TRATAMIENTOS ALTERNATIVOS Y EN GENERAL, TODO

AQUELLO VINCULADO A LA PROTECCION DE LA SALUD HUMANA.

PODRA EFECTUAR LA INVERSION EN BIENES INMUEBRLES, URBANOS O RURALES Y LA

ADQUISICION, ADMINISTRACION, ARRENDAMIENTO, GRAVAMEN Y ENAJENACION DE LOS

MISMOS.

LA INVERSION DE FONDOS PROPIOS, EN BIENES INMUEBLES, BONOS, VALORES BURSATILES

Y PARTES DE INTERES EN SOCIEDADES COMERCIALES,zASiﬁCOMQ LA NEGOCIACION DE TODA

CLASE DE DERECHOS DE CREDITO. : e i
S CERTIFICA: _

QUE A NOMBRE DR LAjéOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO

EL NRO.5234- 2 ESTABLECiMIENTO' DE COMERciO:”ULABQEATORIo FRANCO COLOMBIANO

LAFRANCOL e - Ty

UBICADO EN: ---K 1 46 84 DE CALT

RENOVO : POR EL ANO 2011 ': . R

. CERTIFICA: . =

QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRiCULADo'ENVLAJCAMARA DE COMERCIO BAJO

EL NRO.369809~ 2 ESTABLECIMIENTO DE COMERCIO: LABORATORIO FRANCO COLOMBIANO

LAFRANCOL

UBICADO EN: --K 1 46A 70 DE CALI

FECHA MATRICULA : 29 DE ABRIL DE 1994

RENOVO : POR EL ANO 2011

CERTIFICA:
QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO

EL NRO.369810- 2 ESTABLECIMIENTO DE COMERCIO: LABORATORICQ FRANCO COLOMBIANO
LAFRANCOL

UBICADO EN: ---K 1A 46 A 32 DE CALI

 'FECHA MATRICULA : 29 DE ABRIL DE 1994
PRENOVO : POR EL ANO 2011

' CERTIFICA:

“*QUE. A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
EL . NRO.734908- 2  ESTABLECIMIENTO DE COMERCIO: LABORATORIO FRANCO COLOMBIANG.! -
- *%% CONTINUA **%
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LAFRANCOL
UBICADO EN: CRA. 1A NRO. 46A 28 DE CALI
FECHA MATRICULA : 28 DE MARZO DE 2008
RENOVO : POR EL ANO 2011
CERTIFICA:
QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO

EL NRO.734911- 2 ESTABLECIMIENTO DE COMERCIO: LABORATORIO FRANCO COLOMBIANO
LAFRANCOL

UBICADO EN: CRA. 1B NRO. 46A 121 DE CALTI
FECHA MATRICULA : 28 DE MARZO DE 2008
RENOVO : POR EL ANO 2011

_ CERTIFICA:
QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DFE COMERCIO BAJO

EL ©NRO.734913- 2 ESTABLECIMIENTO DE COMERCIO: LABORATORIO FRANCO COLOMBIANO
LAFRANCOL : '

UBICADO EN: CRA. 3 NRO. 47 25 DE CALI
FECHA MATRICULA : 28 DE MARZO DE 2008
RENOVO : POR EL ANO 2011

CERTIFICA:
QUE LA SOCIEDAD EFECTUO‘ LA "~RENOVACION DE SU MATRICULA MERCANTIL EL 30 DE
MARZO DE 2011 | -

CERTIFICA:
QUE HACIENDA CALI FUE INFORMADO(A) EL 03 DE ABRIL DE 2008 DE LA APERTURA DEL
ESTABLECIMIENTO DE COMERCIO. 734908-2 LABORATORIO FRANCO COLOMBIANO LAFRANCOL
QUE LA SECRETARIA DE SALUD FUE INFORMADO (A) EL 03 DE ABRIL DE 2008 DE LA
APERTURA DEL ESTABLECIMIENTO DE COMERCIO. 734908- 2 LABORATORIO FRANCO
COLOMBIANO LAFRANCOL
QUE PLANEACION FUE INFORMADO (A) EL 03 DE ABRIL DE 2008 DE LA APFRTURA DEL
ESTABLECIMIENTO DE COMERCIO. 734908-2 LABORATORIO FRANCO COLOMBIANO LAFRANCOL
QUE HACIENDA CALI TFUE INFORMADO(A) EL 03 DE ABRIL DE 2008 DE LA APERTURA DEL
ESTABLECIMIENTO DE COMERCIO. 734913-2 LABORATORIO FRANCO COLOMBIANO LAFRANCOL
QUE LA SECRETARIA DE SALUD FUE INFORMADO (A) EL 03 DE ABRIL DE 2008 DE LA
APERTURA DEL ESTABLECIMIENTO DE COMERCIO. 734913- 2 LABORATORIO FRANCO
COLOMBIANO LAFRANCOL
QUE PLANEACION FUE INFORMADO (A) EL 03 DE ABRIL DE 2008 DE LA APERTURA DEL

x%% CONTINUA ***
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ESTABLECIMIENTO DE COMERCIO. 734913-2 LABORATORIO FRANCO COLOMBIANC LAFRANCOL
QUE HACIENDA CALI FUE INFORMADO(A) EL 03 DE ABRIL DE 2008 DE LA APERTURA DEL
ESTABLECIMIENTO DE COMERCIO. 734911-2 LABORATORIO FRANCO COLOMBIANO LAFRANCOL
QUE LA SECRETARIA DE SALUD FUE INFORMADO (A) EL 03 DE ABRIL DE 2008 DE LA
APERTURA DEL ESTABLECIMIENTO DE COMERCIO. 734911- 2 LABORATORIO FRANCO
COLOMBIANO LAFRANCOL '
QUE PLANEACION FUE INFORMADO (A) EL 03 DE ABRIL DE 2008 DE LA APERTURA DEL
ESTABLECIMIENTO DE COMERCIO. 734911-2 LABORATORIO FRANCO COLOMBIANC LAFRANCOL
CERTIFICA:
QUE NO FIGURAN OTRAS INSCRIPCIONES QUE MODIFIQUEN TOTAL O PARCIALMENTE EL
PRESENTE CERTIFICADO. | e I
LOS ACTOS Y DOCUMENTOS .REGISTRADOS QUEDAN “EN FIRME ;f"c':;nyco (5) DIAS HABILES
DESPUES DE LA FECHA DE SU INSCRIPCION, SIEMPRE Y ‘CUANDO DENTRO DE DICHO
TERMINO NO SEAN OBJETO DE RECURSOS. EN. LA VIA GUBERNATIVA.
DE CONFORMIDAD CON EL ' DECRETO 2150 DE 1.995.¢.IA AUTORIZACION IMPARTIDA POR
LA SUPERINTENDENCIA DE INDUSTRIA Y c;o_MiERCI,o:-- LA-FIRMA MECANICA QUE APARECE A
CONTINUACION TIENE PLENA VALIDEZ PARA TODOS LOS' EFECTOS LEGALES.
DADO EN CALI A LOS.!10, DIAS DEL MES DE AGOSTO DEL ANO 2011 HORA: 09:53:53
AM S ST |

FECHA: 2011/08/10 HORA: 09:50:29
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SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
NIT : 800.176.089-2

-/-

AL _ RECIBO DE CAJA No. 11 - 0080125
Industria y Comercio
SUPERINTENDENCIA Bogota D.C., Agosto 19 de 2011 - 11:53:39
RECIBIDO DE : REYES Y REYES ABOGADOS NI 900.048.328

*** Soporte del Pago ***
TIPO PAGO BANCO CUENTA No PAGO EECHA PAGQO VR PAGO

CONSIGNACION BANCO DE BOGOTA 062754387 135712861 19/08/2011 304.000.00

*kk

*** Conceptos Pagados

CANT. RENTISTICO CONCEPTQO Ve UNDITARIO _ Vr.CONCEPTO
1 50005-01-04 PRESENTACION DE OBSERVACIONES 12 MARCAS Y LEMAS COMERCIALES 304.000.00 304.000.00
A SOLICITUDES $304.000.00

SON: “*TRESCIENTOS CUATRO MIL PESOS MONEDA CORRIENTE***
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2020
Bogota, D.C.,
Doctor: Oficio N°:
Carlos Reinaldo Olarte Garcia :
Apoderado Lg“l é 0 ‘0 "1‘
ASUNTO: Radicacion PCT N°  10-63351

Tramite 011

Evento 378

Actuacion 440

Folios 066

Con fundamento en lo previsto por el articulo 43 de la Decision 486 de la Comision de
la Comunidad Andina, se le comunica que la oposicién presentada por el doctor José
Luis Reyes Villamizar, en su calidad de apoderado del Laboratorio Franco Colombiano
Lafrancol S.A., retine los requisitos formales exigidos por la ley al momento de su
presentacion.

En cumplimiento de lo dispuesto en la citada norma, se le concede el término de
sesenta (60) dias habiles siguientes a la fecha de notificacion del presente oficio, para
que haga valer sus argumentaciones y presente pruebas.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C).

El anterior oficio fue notificado por fijacion en lista de fecha, ,.Qr/, %
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