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1. Documentos estudiados

Descripcion: Radicado No 14-041777-00000-0000 27/Febrero/2014

Reivindicaciones: 1 -23 del radicado No. 14-041777- 27/Febrero/2014
00000-0000

Prioridad: US 61 513 428 29/Julio/2011
US 61 513 432 29/Julio/2011
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Se acepta la reivindicacion de prioridad porque ésta solicitud fue presentada dentro del plazo
establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la prioridad
reivindicada.

3. Objeto de la invencién

De acuerdo con lo establecido en el numeral 1.2.2.2 del Capitulo Primero del Titulo X de la
Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta la tasa pagada
por el solicitante al momento de comenzar el examen para las reivindicaciones adicionales;
esto es que cuando la solicitud contenga mas de diez (10) reivindicaciones y no se haya
pagado la tasa complementaria, sélo se estudiaran las cubiertas por la tasa pagada.

Dado que en la presente solicitud se evidencia pago por reivindicaciones adicionales, se

procede a estudiar todo el capitulo reivindicatorio.

Titulo de la solicitud: “MODULADORES DEL TRANSPORTE NUCLEAR QUE CONTIENEN
HIDRAZINA'Y SUS USOS”.

El problema planteado en esta solicitud consiste en proporcionar compuestos derivados de
fenil triazol hidrazida que presentan actividad como moduladores del transporte nuclear y por
tanto adecuados contra patologias asociadas con cancer.

Para resolver este problema la solicitud proporciona compuestos de formula:

FiC

R? ()
CFs

procesos para su preparacion y composiciones farmaceéuticas que los comprenden.

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de Patentes
(CIP): CO7D 249/08.

4. Excepcidn a la Patentabilidad (Art 20 D 486 literal (d))
El objeto de las reivindicaciones 9 — 11, que se refieren a métodos de tratamiento, no es
patentable de acuerdo con el Art citado.

5.Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

El uso de las reivindicaciones 8, 12, 13y 14 no es patentable, de acuerdo con el Art 14.

6. De la solicitud de patente
Expediente 14-41777- -4 ler Art 45.
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Titulo

El titulo de la invencién se considera genérico, ambiguo e impreciso porque no menciona el
grupo farmacoférico que contiene los compuestos reclamados ni la alusién a los procesos que
alli se contemplan. Se sugiere realizar las aclaraciones necesarias.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capitulo reivindicatorio no es conciso porque contiene diferentes reivindicaciones
independientes, lo cual hace dificil definir cual es el objeto que se busca proteger.

La reivindicacién 2 es en esencia exactamente igual a la reivindicacion 1 pero sin definiciones.
Para darle concision al pliego reivindicatorio se sugiere eliminar la reivindicacién 2.

Los procesos de las reivindicaciones 15 a 20 no son claras ni concisas por las siguientes
razones:

-En primer lugar porque no se define un solo proceso para la preparacion de los compuestos
de férmula (1) objeto de la invencién sino que por el contrario se estan reclamando diferentes
procesos para la preparacion de diferentes compuestos que dificultaria entender el alcance de
la solicitud y ademas comprender cual es el objeto real que se pretende reclamar en la
presente invencion.

-En segundo lugar porque las estructuras resultantes de los procesos reclamados son todas
diferentes y no concisas, acorde a la reivindicacion principal 1.

-En tercer lugar porque se reclaman de manera independiente y como se acaba de mencionar
dificulta entender el objeto real que se pretende reclamar.

-En cuarto lugar porque si observamos las definiciones de las reivindicaciones alusivas a
procesos, podemos ver que los eventuales compuestos que se podrian formar son muchos
mas que los contemplados en las reivindicaciones 1 a 7 lo cual iria en contravia del requisito
de concision, claridad y dificultaria entender el alcance de la solicitud.

7. Unidad de Invencién (Art 25 D 486)

La presente solicitud, no cumple con el requisito de Unidad de Invencion (Art 25 D 486),
porque se han identificado 3 Grupos Inventivos diferentes que no hacen parte de un anico
concepto inventivo, los cuales son los siguientes:

Grupo Inventivo 1 (reivindicaciones completas: 1 - 14 y 17 - 20; reivindicaciones
parciales 15, 16 y 21 - 23): Compuesto de formula estructural |, composiciones
farmacéuticas que los comprenden y proceso para la preparacién de aril azoles sustituidos
sobre un &tomo de nitrégeno con un derivado de acrilamida (compuestos de férmulas (2) y (Y)
en donde W representa —C(O)N(R?). y de férmula (X) y (V)).

N-N N‘H .
| 0] N—R
FsC N/> R1
R® (
CF3
Expediente 14-41777- -4 ler Art 45.
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Grupo Inventivo 2 (reivindicaciones parciales 15, 16 y 21 - 23): procesos para la
preparacion de compuestos de férmulas (Z) y (Y) en donde W no es ni —C(O)N(R*), ni —
C(O)OR.

Grupo Inventivo 3 (reivindicaciones parciales 15, 16 y 21 - 23): procesos para la
preparacion de compuestos de férmulas (2) y (Y) en donde W es —C(O)OR.

El problema a ser solucionado en esta invencion consiste en proporcionar compuestos
derivados de fenil triazol hidrazida que presentan actividad como moduladores del transporte
nuclear y por tanto adecuados contra patologias asociadas con cancer. En la solicitud se
presentan 3 posibles soluciones correspondientes a los grupos inventivos identificados
anteriormente. No se presenta unidad de invencion del grupo inventivo 1 con los otros grupos
listados, porque en el estado de la técnica, se encuentra una o mas caracteristicas técnicas
esenciales que definen a los otros grupos inventivos en relacion con el grupo inventivo 1, por
ejemplo cuando los compuestos son diferentes a los de la formula I. En esta solicitud no se
puede identificar la caracteristica técnica esencial que sea comun a los grupos inventivos
mencionados.

Por lo tanto, esta solicitud carece de unidad de invencion, los diferentes grupos no ofrecen un
concepto inventivo comun. Cada uno de los grupos listados se caracteriza por tener su propia
caracteristica técnica esencial. Se sugiere presentar las solicitudes divisionales que considere
necesarias, 0 limitar la solicitud inicial a una sola invencién, eliminando de ella las otras
invenciones.

Debido a la falta de unidad de invencién, el examen de patentabilidad se limita al grupo
inventivo 1.

8. Determinacion del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de presentacion de la solicitud de la
cual se invoca prioridad, es decir, el 29 de julio de 2011.

Consultadas las fuentes de informacién con que se cuenta, se encontrd (encontraron) el (los)
siguiente (s) documento (s) que anticipa (n) el objeto de esta solicitud:

item Documento Titulo Fecha de
presentacion
“Inhibition of the CRM1-mediated
nucleocytoplasmic transport by N-
azolylacrylates: Structure-activity relationship

and mechanism of action”

D1 Van Neck t et al 01/Noviembre/2008

El documento D1 * (resumen) divulga derivados arizol del acido acrilico que presentan
actividad como inhibidores CRM1.

9. Examen de Patentabilidad (Art 14 D486)

Nivel inventivo (Art 18 D486)

1Ver informe de blUsqueda internacional, enlace: http://dx.doi.org/10.1016/j.bmc.2008.09.051
Expediente 14-41777- -4 ler Art 45.
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Grupo Inventivo 1:

La reivindicacion 1 consiste en “un compuesto de férmula estructural I’ en donde los
sustituyentes son como se encuentran definidos (ver pag. 109 del radicado No. 14-041777-
00000-0000).

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales D1
/f:% COOEt
NH —~ =\
N"N 1 | COOEt
@) N R? N-N =N
FiC ) I p =l g
[ >N + U HI N
3 N N
R (l) 10a-trans: R = H (18 %) 10a-cis: R = H (7 %)
CF 10b-trans: R = NH; (19 %) 10b-cis: R = NH; (3 %]
3 (Ejemplo 33; ver ademas ejemplos 30 — 42)
R*esH H
Sustituyentes CF; No menciona sino una amina en dicho lugar
Fenilo Fenilo
N"N> N
|, J P
Q}*NH . .
o N—R2 No menciona sino COOEt
R

El documento D1 es considerado el estado de la técnica mas cercano a la invencion definida
en la reivindicacion 1, ya que divulga derivados arizol del acido acrilico que presentan
actividad como inhibidores CRML1.

La diferencia entre los compuestos de la invencién y los revelados en D1 consiste en que los
compuestos de la presente invencién tienen una fraccion hidrazida y estan sustituidos en el
fenilo por dos CFs.

Sin embargo, estas diferencias no conceden un efecto técnico inesperado o una ventaja a los
compuestos de la presente invencién, ya que no existe soporte comparativo que permita
reconocer una mejoria técnica o superior de los compuestos de la presente invencién con los
gue ya se revelan en el estado del arte, que ademas también actian como inhibidores CRM1.
En este punto vale la pena anotar, que las modificaciones en los sustituyentes de compuestos
conocidos son posibilidades plenamente conocidas para la persona del oficio nhormalmente
versada en la materia, quien con sus conocimientos en quimica organica heterociclica y a
partir de la bibliografia basica puede realizar cambios en cualquiera de sus sustituyentes o en
los heteroatomos de anillos conocidos, como ocurre con los isésteros clasicos en donde los
grupos y atomos univalentes pueden ser reemplazados como una opcion alternativa de
modificacion de sustituyentes funcionales 2, es decir, que se sabe que con algunas

2 S"VEfm n, “The organic Chemistry of Drugs De5|gn and Drug Action”. Elselvier. Northwestern
xpediente 14 41777— -4
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modificaciones en los sustituyentes, se pueden lograr cambios en las propiedades del
compuesto intimamente relacionadas con su actividad o con el efecto técnico a esperar como
es, por ejemplo, incrementar la potencia o el indice (relacion) terapéutica como el LDso, EDso 0
el ECy a partir de algunas modificaciones en la posicién de los heterodtomos del anillo
principal o en la posicion de sus sustituyentes. Lo anterior es importante, porque en la
presente invencién simplemente se proponen modificaciones tales como adicionar dos CF; y
una fraccion hidrazida, pero que como se vio anteriormente, dicha modificaciébn no demostro
un efecto técnico inesperado o una ventaja técnica real y por tanto se consideran variaciones
estructurales de rutina que no sustentan el requisito evaluado.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se puede
formular asi: ¢como proporcionar compuestos derivados de fenil triazol hidrazida que
presentan actividad como moduladores del transporte nuclear y por tanto adecuados contra
patologias asociadas con cancer, alternativos a los ya revelados en el arte previo?

El documento D1 ya realiza sugerencias adecuadas para llegar a la presente invencion,
particularmente revela compuestos tal como el que se observa en la pagina 9489 que son
compuestos amino-fenilo-triazol-acido y que presentan actividad como inhibidores CRML1.

En consecuencia, cualquier persona normalmente versada en la materia al observar los
compuestos de la anterioridad D1, y con sus conocimientos basicos y simples en quimica
heterociclica, habria podido modificar la fracciébn del éster de los compuestos conocidos,
como una alternativa para llegar asi al objeto de la reivindicaciéon 1 de la presente solicitud.
Por lo cual se considera obvia.

Puesto que las reivindicaciones dependientes 2 — 14, las reivindicaciones independientes 15 —
20 y sus dependientes 21 — 23 no mencionan caracteristicas inventivas adicionales, se
considera que tales reivindicaciones tampoco tienen nivel inventivo.

10.Conclusion

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

item Documento Reivindicaciones afectadas Requisito que afecta

Reivindicaciones completas:
1-14y17-20;

Reivindicaciones parciales:
15,16y 21 —23

D1 Van Neck t et al Nivel Inventivo

Univerﬁ%égﬁgﬁgqﬁ_ﬁqy% nganstons lllinois. 2004. pag. 2fert%tgle4%:2.
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir del dia siguiente de la fecha de notificacion de la presente comunicacion.
En caso de no dar respuesta al presente requerimiento, o0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

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

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

-

—5

JOSE LUIS SALAZAR LOPEZ
Diractor de Nuevas Craaciones (c)

%T-Ta

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2015-03-17

Elaboro: Nelson Ricardo Velasco Gonzalez
Revisoé: Gloria Jacqueline Alfonso Rozo
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CRM1-mediared nucleocytoplasmic transport plays an important role in many cellular processes and dis-
eases, To investigate the structural basis required for the inhibition of the CRM1-mediated nuclear export
we have synthesized analogs of a previously identified small molecule lead compound and monitored
their activity against the Rev function of the human immunodeficiency virus. Microscopy studies show
that the active congeners of this series inhibit the nucleocytoplasmic transport of Rev and the co-local-
ization berween Rev and CRM1 in living cells. Mechanism of action studies show their interaction with

ﬁmf;;:wmﬁ the Cys528 residue of CRM1 involving a Michael-addition type of reaction. However, structure-activity
HIV relationship demonstrates strict constraints to the structure of the inhibitors, and shows that activity
Rev is not solely correlated to Michael-addition suggesting a more complex mechanism of action. Our results
CRM1 are suggestive for the existence of a well-defined interaction at the CRM1-NES binding site. In addition,

Neucleocytoplasmic transport the most selective congener inhibited the HIV-1 production in latently infected cells. These specific CRM1

inhibitors are of interest as tool for analyzing the mechanisms of post-transcriptional control of gene

expression and provide insight in the design of new agents.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The eukaryotic cell nucleus is separated from the cytoplasm by
a double nuclear membrane. The transport of macromolecules
across this nuclear membrane is mediated by nuclear pore com-
plexes {NPCs), which are large proteinaceous assemblies. Molecu-
lar transport between the nucleus and cytoplasm through the
nuclear pore complexes (NPCs) is mediated by transport receptors,
called karyopherins. Importins mediate import of molecules in the
nucleus while exportins take care of the nuclear exit of molecules
from the nucleus.' One well-characterized expartin is CRM1, which
exports proteins carrying a leucine-rich nuclear export signal
{NES).2™5 The crin] gene was originally discovered in Saccharomy-
ces cerevisiae to be involved in chromosomal region maintenance ®
Evidence that CRM1 is a transport receptor came from inhibition
studies with leptomycin B (LMB). Leptomycin B was first identified
in Strepromyces sp. as an unsaturated, branched chain fatty acid
with antifungal activity.” This drug was shown to have antitumor
activity,® to inhibit the Gy and G; phases of the cell cycle® and other
cellular functions, These pleotropic effects led to the study of the
mechanisms by which leptomycin B influences intracellular pro-

* Corresponding author. Tel.: +32 16 332160; fax: +32 16 33213 1.
E-mail address: dirk.daelemans@rega. kuleuven.be (D. Daelemans).

(968-0896(5 - see front matter € 2008 Elsevier Ltd, All rights reserved.
doi:10.1016fj.bmc.2008.09.051

cesses. Resistance selection in fission yeast revealed that leptomy-
cin B targets CRM1 {exportin 1), a nuclear protein, which was
thought to be involved in the control of gene Expressicln.":' A few
years later it was shown that one of the functions of CRM1 is to ex-
port proteins from the nucleus'! by binding to a specific leucine-
rich nuclear export signal {NES) of exported proteins and to intro-
duce them to the export machinery of the nuclear pores.'? CRM1
has also an important function in mitosis.'*~'* Crm1 has been iden-
tified as a mitotic effector of Ran-GTP at kinetochores, where it has
a role in microtubule attachment.'? Leptomycin B forms a covalent
complex via its o p-unsaturated §-lactone with the sulfhydryl
group of a conserved cysteine residue in CRM1, inhibiting the
interaction with the nuclear export signal of cargo proteins,'s!?
LMB was also found to inhibit the nuclear export of the human
immunodeficiency virus (HIV) Rev protein, and consequently
CRM1 was suggested to be the nuclear export receptor for Rev.'®
The HIV Rev protein is required for the transport of viral mRNA
to the cytoplasm,'®?C a process that is essential for virus replica-
tion.?! Rev contains a leucine-rich NES essential for interaction
with CRM1 and nuclear export.222? Similar NESs were also found
in other proteins 243 [n CRM1, residues Asp716 and Lys810 have
been shown important for NES binding®' Recently a structural
madel of CRM1 based on X-ray crystallography, homology model-
ing and electron microscopy was proposed.® Evidence indicates



that the central conserved region of CRM1 (residues 415-600)
mediates NES recagnition.

In this context, several compounds have been pursued as spe-
cific inhibitors of the CRM1-mediated transport pathway. LMB
has been shown to efficiently disrupt the CRM1-NES interaction
by covalently binding to residue Cys528 of CRM1.2* The much
smaller low-maolecular weight heterocyclic compound PKFO50-
638 also inhibits CRM1-mediated export. Interestingly
PKF050-638 meets strict structural requirements for its activity,
since its stereoisomer was less active. Thorough NMR-analyses
on this compound PKF050-638 1a, including 'H NMR, '*C NMR,
DEPT, HMBC, HMQC and COSY revealed the published lead-struc-
ture to be the inaccurate stereoisomeric form. The correct region-
isomeric structure 1b that is assigned now (see Fig. 1) implies that
an intramolecular Michael addition of the amine onto the acrylate
is no longer possible, as it would have been in the former
structure,

To pinpoint the structural features responsible for the activity
of this lead compound and to explore its structural variations, we
have now synthesized a series of analogs and evaluated their
activities for inhibition of CRM1-mediated transport in different
assays and defined their molecular mechanism of action. It was
suggested that this class of compounds exert their activity
through a Michael addition on the target cysteine. However, here
we demonstrate that this is not the only determinant as even
chemically very related compounds display a strong differential
activity. The data presented reveal the structural basis required
for CRM1 inhibition and provide insight into the development
of new agents.

2. Results

2.1. Inhibition of CRM1-mediated nucleocytoplasmic Rev
transport by 3-substituted acrylic acid ethyl esters

The steady state subcellular localization of wild-type HIV-1
Rev is mainly nucleolar but it shuttles continuously between
the nucleus and the cytoplasm.?®*5*€ Nuclear localization of
Rev is mediated by a short stretch of basic amino acids charac-
terized by eight arginine residues located near the amino-termi-
nus of Rev that serves both as nuclear localization signal {NLS)

and as RNA binding domain,'®*728 Mutations in this domain al-
ter the steady state subcellular localization of Rev, for example,
the mutant RevM5 is found mainly in the cytoplasm of the
cell.'* The nuclear export of Rev is mediated by its nuclear ex-
port signal, which is a leucine-rich domain between Leu75 and
LeuB4 located near the carboxy-terminus of the protein?? The
cellular nucleocytoplasmic transport receptor for the leucine-rich
NES of Rev has been identified earlier as CRM1.2*4? Inhibition of
the CRM1-mediated export can therefore be easily visualized by
monitoring the subcellular redistribution of Rev. A GFP fusion
protein of a RevM5 mutant was found predominantly in the
cytoplasm of Hela cells {Fig. 2A) but is still able to enter the nu-
cleus. Consequently, inhibition of the CRM1-mediated RevM5-
GFP export to the cytoplasm of the cell will cause a nuclear
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Figure 1. Emoneous (1a) and revised (1h) structure of PKFO50-638.

RevM5-GFP

Figure 2. Effect of 3+{5-phenyltetrazol-2-yl)acrylic acid ethyl esters on the
localization of RewM5-GFP in living cells. Hela cells expressing RevM5-GFP were
incubated with test compound. Two hours after addition of the compounds, the
cells were analyzed by fluorescence microscopy. The left panels are the fluorescent
images and the right panels the corresponding differential interference contrast
images. Reviv5-GFP before addition of compound is lecalized in the cytoplasm (A).
Addition of 25oM IMB (B) or 10pg/ml (36 pM) Zd-cis (C) resulted in a
predominant nuclear localization of the ReviM5-GFP, while 10 pg/ml 6d (D) had
no effect on the localization of RevM5-GEFP,

accumulation of RevM5-GFP, Indeed, treatment of RevM5-GFP
expressing cells with 25 nM LMB, a wellcharacterized inhibitor
of the CRM1-mediated Rev e;(|:.h‘.]rt,“"’“IE caused an accumulation
of RevM5-GFP in the nucleus of the cells (Fig. 2B).

Previously we have shown that the small molecule compound
PKF050-638 is specifically interfering with the CRM1-mediated
nucleocytoplasmic transport mechanism. We have now synthe-
sized analogs of PKF050-638 {see Fig. 3) and tested their ability
to inhibit the nucleocytoplasmic Rev transport assessing the
RevM5-GFP subcellular redistribution. For example, upon addi-
tion of 10 ug/ml 7d-cis to the cells, RevM5-GFP redistributed
to the nucleus, indicating that 7d-cis is an inhibitor of the Rev
nucleocytoplasmic transport (Fig. 2C). Interestingly, 6d which
has a similar core structure to 7d-cis but is lacking the ofi-
unsaturated carbonyl moiety has no effect on the Rev transport
(Fig. 2D).
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Figure 3. Overview of the structures of the arylazole acrylic acid ethyl esters.

22, Inhibition of the Rev/CRM1 interaction in live cells

To study the mechanism of action of the new compounds in
more detail we examined the direct effect of 7d-cis on the inter-
action of Rev with CRM1 in living cells. Therefore, HeLa cells
were co-transfected with constructs expressing BFP-tagged Rev
protein®' and EYFP-tagged CRM1 (Fig. 4A). CRM1-EYFP was
localized at the nuclear rim as well as within the nucleus
(Fig. 4A%), in agreement with published data'"'74243 whereas
Rev localized predominantly to the nucleoli (Fig. 4A"). The pre-
dominant association of CRM1-EYFP with the nuclear membrane
is consistent with its interaction with nucleoporins,''##%5 When

Rev-BFP and CRM1-EYFP where co-expressed in the same cell, a
significant fraction of CRM1-EYFP was found in the Rev-contain-
ing nucleoli (Fig. 4A"), This redistribution of CRM1 by Rev sug-
gests interaction between the two proteins. Therefore, this
assay is an excellent approach to demonstrate Rev/CRM1 interac-
tion inside living cells. Upon treatment with 10 pg/ml 7d-cis, the
Rev-dependent nucleolar localization of CRM1-EYFP was abol-
ished after 120 min (Fig. 4A%). Moreover, the compound did
not affect the nucleolar distribution of Rev. As a control, LMB
and compound 6d were included in this assay. LMB has been de-
scribed to obstruct the Rev/CRM1 interaction in vitro as well as
in living cells,"s*'*342 Indeed, also LMB abolished the Rev-
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+LMB

+ 7d-cis

+ 6d

B Rev

CRM1Cys528Ser

Figure 4. 3<5-Phenyltetrazol-2-yl Jacrylic acid ethyl esters interfere with the co-localization of Rev-BFP and CRM1-EYFP in living cells but not with the co-localization of the
Rev-BFP and EYFP-CRM1Cys528 mutant. (A) Hela cells expressing Rev-BFP orfand CRM1-EYFP were analyzed by fluorescence microscopy. Rev-BFP localizes in the nucleoli of
the cells (b, left panel), while CRM1-EYFP is found at the nuclear rim (a, middle panel). In cells co-expressing both Rev-BFP and CRM1-EYFP, CRM1 colocalizes with Rev-BFPin
the nucleoli { b, middle panel). Two hours after addition of compound the co-localization of CRM1-EYFP with Rev-BFP was analyzed (c: LMB; d: 7d-cis; e: 6d).(B) Similarasin

(A) but with a mutant CRM1-EYFP with a serine at position 528 instead of cysteine.

dependent nucleolar localization of CRM1-EYFP (Fig. 4A%). In
contrast, 6d a compound lacking the o p-unsaturated carbonyl
moiety, had no effect on the Rev/CRM1 co-localization demon-
strating that this compound does not interfere with the Rev/
CRM1 interaction (Fig. 4A%). Taken together, our results suggest
that these compounds are specifically interfering with the Rev/
CRM1 interaction in living cells.

2.3. The 3-substituted acrylic acid ethyl esters target Cys528 of
CRM1

LMB has been described to hinder the MES-mediated nuclear ex-
port by covalently modifying CRM1 at Cys528 by a Michael-type
addition.'®** To determine whether these new compounds simi-
larly target the CRM1 Cys528 residue, Hela cells were co-transfec-
ted with constructs expressing the BFP-tagged Rev protein and an
EYFP-tagged CRM1 mutant expressing a Cys528Ser substitution
(Fig. 4B). Similar to the wild-type, the EYFP-CRM1Cys528Ser mu-
tant was mainly localized at the nuclear rim (Fig. 4B*). When
Rev-BFP and EYFP-CRM1Cys528Ser where co-expressed in the
same cell, a significant fraction of EYFP-CRM1Cys5285er was found
in the Rev-containing nucleoli (Fig. 4B®) suggesting that also the
Cys528Ser mutant interacts with Rev. Treatment with 25 nM
LMB (Fig. 4B%), or 10 pgjml 7d-cis (Fig. SBd], had no effect on the
Rev/CRM1Cys5285er co-localization, suggesting that similarly to
LMB, 7d-cis is specifically targeting Cys528 of the CRM1 protein.

As expected, 6d had no effect on the Rev/CRM1Cys528Ser co-local-
ization (Fig. 4B®).

2.4, Structure-activity relationship for inhibition of CRM1-
mediated nuclear export

Taking advantage of our ability to evaluate inhibition of the
CRM1-mediated nucleocytoplasmic transport using the RevM5-
GFP subcellular redistribution, a broad series of analogs (Fig. 3)
of PKF050-638 were analyzed in order to explore the structural
features required for activity. Therefore, HEK 293T cells were
transfected with a construct expressing RevM5-GFP, and incubated
in the presence of different concentrations of test compound.
Activity was scored by fluorescence microscopy two hours after
addition of compound (Table 1). Conditions where RevM5-GFP
was predominantly nuclear were scored as positive, and conditions
were RevM5-GFP was localized in the cytoplasm were scored neg-
ative, From the results in Table 1 we can conclude there are a num-
ber of structural requirements to be met for activity. All active
compounds possess an o,f-unsaturated carbonyl moiety and the
cis enantiomer is usually more active than the trans. Furthermore,
the presence of a phenyl moiety is crucial for activity. Interestingly,
the position of the 2, p-unsaturated carbonyl group on the imidaz-
ole or tetrazole appears to be important. Indeed, activity is drasti-
cally impaired if the ethyl acrylic acid moiety is positioned on the
nitrogen that is directly adjacent to the carbon carrying the phenyl
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Figure 5. Inhibitory effects of 3-(5-phenyltetrazol-2-ylJactylic acid ethyl esters on the release of infectious HIV-1 progeny (virus yield), p24 production (bars), in the
supernatants of (A ) transfected 293T cells or (B) chronical by HIW-1{[ 1l )-infected OM10.1 cells. The cytotoxicities { rectangles B ) of the test compounds were determined by the

MTT-viability staining method.

ring { compare activities of 3b with 3c and 8 with 7). However, no
significant difference in activity was observed between the com-
pounds containing an imidazole, triazole or tetrazole nucleus
{compare 3¢, 7a and 10a). Surprising is that the compounds with
a pyrazole ring are inactive. Furthermore, chlorine substitution at
position 2 or 3 of the phenyl ring increases the activity while sub-
stitution at position 4 had no effect. There is no apparent difference
of activity within the homologous series of halogen derivatives (F,
Cl, Br, I). Interestingly, addition of an amino-group at position 2 of
the 5-Cl-phenyl slightly increases the activity {compare 7d with

7b). These results are suggestive for the existence of a well-defined
interaction in the CRM1-NES binding site.

2.5. Inhibition of latent HIV infection

Since HIV exploits the CRM1-mediated nucleocytoplasmic trans-
port pathway for its RNA transport, the effect of these derivatives on
HIV-1 virus expression was assessed. Therefore HEK 293T cells were
transfected with the molecular clone MLy_z in the presence of differ-
ent concentrations of 7d-cis and 7d-trans and viral production was
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Table 1
Inhibition of the nuclear export of RevMG-GFP by N-azolylacrylates

Compound Concentration {pg/mil)

10 2 0.4 008 0
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3h-cis and 3b-trans {mixture)

3e-cis

*— — — —|

i
i
=]
_It-l-
I
I
I
I

Te-cis
Fe-trans
Fd-cis
?d-trans
Fe-cis
Fe-trans
Tf-cis
H-trans
Fg-cis
7g-trans
Th-cis
7h-trans
Fi=cis
Fi-trans
Bc-cis —f+ = = = =
8d-cis + — - — -
8d-trans +— - - - -
Be-cis + — — — -
Be-trans - - - - -
Bf-cis =
Bf-trans +— — - — -
Bg-cis -

Bg-trans —f+ = = = =
Bh-cis -
Bh-trans +— — — — -
Bh-trams *— — — — -
Bi-trans = = = = =
10b-cis + —+ — — -
10b-trans = = = = =

T

||++++++++++++++__t+||||||||||
|
*

Unchanged cytoplasmic localization of RevM5S-GFP was scored as {—), while nuclear
accumulation of ReviM5-GFP was scored as (+).

monitored by quantifying the virion-associated p24 Aginthesuper-
natants. Both compounds effectively inhibited the virus production
with a 50% effective concentration (ECsp) of 0.2 and 0.6 pg/ml,
respectively, and showing minimal cytotoxicity at 2 pug/ml
{Fig. 5A). Both nevirapine, an inhibitor of the HIV reverse transcrip-
tion process and 6d, lacking the o, -unsaturated carbonyl moiety,
were included as controls. These compounds were unable to inhibit
the virus expression from the molecular clone.

To confirm these results the effect of 7d-cis and 7d-trans was
monitored in chronically infected OM10.1 monocytes (Fig. 5B).
Culture of these cells leads to little virus expression unless the cells
are stimulated with an agonist such as TNF-. More than a ~1000-
fold increase in p24 levels was noted with TNF-o at 1 ng/ml. In
OM10.1 cells, addition of 5 Lg/ml 7d-cis or 7d-trans inhibited the
TNF-a-induced release of virus by as much as 94%, with no detect-
able concomitant cytotoxicity at this concentration, whereas at 10
and 20 pug/ml both compounds were toxic for the cells. These re-
sults are also pointing toward a post-integrational mechanism of
action.

3. Discussion

Earlier studies using a low-molecular weight inhibitor of the
CRM1-mediated pathway indicated a structural requirement for
activity.“ Indeed, in all assays the trans stereoisomer of this com-
pound was much less active than the cis congener. In order to pin-
point the structural features required for inhibition of the CRM1-
cargo interaction, analogs of this compound were developed and
structure-activity relationship was performed. This information
is essential to unravel the CRM1-cargo interaction and is impor-
tant for the development of selective compounds against diseases
involving CRM1-mediated nucleocytoplasmic transport such as
the HIV-1 replication or diseases induced by mislocalized proteins
such as breast cancer and leukemia (for review see 46).

We have synthesized a series of phenylazol acrylic acid ethyl es-
ters and monitored their activity against the CRM1-mediated
nucleocytoplasmic transport of the HIV-1 Rev protein. Mechanism
of action studies suggests that this class of molecules inhibit the
CRM1-cargo interaction. Indeed, the most potent congener was
able to inhibit HIV-1 expression from latently infected cells. As ex-
pected, these compounds are cytotoxic because the CRM1-medi-
ated nucleocytoplasmic process is a general pathway used by
many cellular cargos. However the compounds exert limited selec-
tivity toward HIV. One explanation could be that the affinity of Rev
for CRMT1 is lower than the cellular NES-baring cargos and there-
fore more susceptible for inhibition. Earlier studies have shown
that the HIV-1 Rev has a rather weak affinity for CRM1.47 It can
be argued though that even partial inhibition of Rev function
may dramatically affect the pathogenic potential of HIV.

It has been suggested earlier that LMB covalently modifies CRM1
at Cys528 by a Michael-type addition.®® Similarly, we show that the
compounds described here have the potential to covalently interact
witha cysteine residue. Indeed, the Ser528 CRM1 mutant resisted to
the action of the phenylazol acrylic acid ethyl esters.

Structure-activity relationship studies demonstrate that the ac-
rylic acid ethyl ester is essential for activity of the compoundsincell
culture; indeed, the 5-phenyl-1H-tetrazole is inactive in all assays.
However, we cannot exclude the possibility that 5-phenyl-1H-tetra-
zole is inactive because it is not able to penetrate the cells. Also, the
propionic acid ethyl ester {data not shown) is inactive in cells dem-
propionic acid ethyl ester (data not shown) is inactive in cells dem-
onstrating the double bond is essential for activity and participates
in the Michael addition. Moreover, chlorine substitution at position
2 ar 3 on the phenyl ring contributes to a better selectivity of the
compounds. Substitution with other halogen atoms did not mark-
edly affect activity. Halogen substitution at position 4 of the phenyl
had no beneficial effect on the activity. The effect on the biological
properties of the chlorine atom introduced at different positions
can not be explained by differences in the reactivity of the obtained
compounds in the Michael-addition reaction or to differences in
lipophilicity or electronic effects. In that case one would expect a
similar activity for the 2-chloro and the 4-chloro derivative whereas
here, both the 2-chloro and 3-chloro derivatives display greater
selectivity. Thus the change in activity must therefore be attributed
to steric effects. Indeed, we were unsuccessful in demonstrating
interaction of these compounds with glutathione {carrying a cys-
teine available for Michael addition) suggesting that recognition
within the CRM1 structure is necessary before subsequent covalent
binding is generated or that activation of the target cysteine by a
change in electrons in the carbonyl group is necessary.

The mechanism of action of this series of compounds is similar
to that of the lead compound described in previous publication,
which is not surprising. But the structure-activity relationship
study described here delineates the minimal structural require-
ments for activity. Moreover, we demonstrate in detail that these
compounds target the cysteine not just through a Michael addition.
It is noticeable that all active compounds carry the unsaturated



T. Van Neck et al. {Bioorg. Med. Chem. 16 (2008) G487-9497

carbonyl group, however, this is not the only determinant for activ-
ity as not all, even chemically related compounds bearing the con-
jugated unsaturated carbonyl system, display activity. Indeed, it is
interesting to note that the compound bearing the pyrazole ring is
inactive in all assays, although its general structure is similar to the
compound containing the imidazole nucleus. Also, the presence of
the phenyl ring is essential and substitutions on the phenyl ring
change activity. Mareover, the position of the unsaturated carbonyl
group is an important determinant for activity.

QOur results demonstrate that the inhibitory activity of the com-
pounds is not just a simple Michael addition but suggest more ele-
ments are into play. This study promotes a better understanding, at
the molecular level, of the interaction of these compounds with the
nucleocytoplasmic transport machinery. Interestingly, the avail-
ability of these compounds through straightforward chemical syn-
thesis could make them a useful tool for studying CRM1-mediated
export pathways.

4. Experimental

4.1. Chemical synthesis

For the design of the molecules, we have varied the central
1,2,4-triazole part to other azoles, including pyrazole, imidazole,
1,2,4-triazole and tetrazole rings and also varied the substitution
pattern on the phenyl ring. As a general method, the arylazole
was reacted with ethyl propiolate to afford the Michael-addition
products.

Firstly we synthesized diazoles, having one nitrogen less than
the lead compound. The condensation reaction of imidazole 2a
and its 2- and 4-substituted phenyl derivatives (2b, 2¢) with ethyl
propiolate in toluene at reflux temperature resulted in the forma-
tion of both cis- and trans-isomers of the imidazolyl-N-acrylates 3
and 4. In the case of 4-phenylimidazole 2¢, the acrylate ester sub-
stituent is directed specifically to N-1, probably to avoid sterical
hindrance (Fig. 3, Scheme 1).

The isomeric diazole 3-phenylpyrazole 4 reacted under the
same circumstances with ethyl propiolate to afford the cis- and
trans-isomers of the corresponding 3-phenylpyrazolyl-N1-acry-
lates 5. The 1,2-disubstituted regioisomers apparently did not form
(Fig. 3, Scheme 2). . .

ind 4. In the case of 4-phenylimidazole 2c, the acrylate ester sub-
stituent is directed specifically to N-1, probably to avoid sterical
hindrance (Fig. 3, Scheme 1).

The isomeric diazole 3-phenylpyrazole 4 reacted under the
same circumstances with ethyl propiolate to afford the cis- and
trans-isomers of the comresponding 3-phenylpyrazolyl-N1-acry-
lates 5. The 1,2-disubstituted regioisomers apparently did not form
'Fig. 3, Scheme 2).

Finally, we prepared the tetrazole analog of our lead compound,
now increasing the number of nitrogens in the azole ring. A series
af 5-aryltetrazoles is easily accessible from the corresponding ben-
zonitriles, so at this point it seemed logical to investigate the effect
of the substitution pattern of the phenyl ring on the yield and the
regioselectivity of the condensation with ethyl propiolate. The gen-
2ral procedure for the synthesis of 5-aryltetrazoles is the reaction
af a benzonitrile with sodium azide under acidic catalysis.

In the following step when the condensation reaction of 5-aryl-
tetrazole with ethyl propiolate was carried out in toluene, no reac-
fion product was obtained, probably due to the lower nucleophilic
character of the tetrazole ring as compared to the diazoles. The
reaction conditions were altered and the best results were ob-
tained when the condensation was carried out in basic (triethyl-
amine) medium and under reflux conditions in acetonitrile. In
the reaction with the different 5-aryltetrazoles we theoretically
sould expect the formation of four products, namely the cis and
trans isomer of each regio isomer. We have indeed separated mast
of the theoretically possible products by column chromatography
ar HPLC. The isolated amounts of each isomer and the regio selec-
tfivity vary greatly with the substituent on the aryl ring although in
maost cases the trans-isomers are more abundant than the corre-
sponding cis-adducts (Fig. 3, Scheme 3).

Finally, analogs closely related to the lead compound PKFO50-
5338, albeit without the chloro-substituent on the arylring and
without any substituent on the arylring were synthesized. The
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starting materials, 3-phenyl-4H-1,24-triazole and its 2"-amino
analog, were prepared from the corresponding benzonitrile. The
condensation reaction was performed under the same conditions
as for the tetrazoles. However, we obtained only the 1,3-disubsti-
tuted cis and trans-regioisomers, in accordance with revised struc-
ture 1b of PKF050-638 (Fig. 3, Scheme 4).

All synthesized compounds were purified by column chroma-
tography on silica gel and fully characterized by the usual tech-
niques including 'H NMR, '*C NMR and mass spectroscopy.

The chemicals used for synthetic procedures were of reagent
grade quality. They were obtained from commercial sources and
used as received. NMR spectra were acquired on commercial
instruments (Bruker Avance 300 MHz or Bruker AMX 400 MHz)
and chemical shifts {4) are reported in parts per million (ppm)
and coupling constants (f) in Hertz {Hz) referenced to tetramethyl-
silane (TMS) ('H) or the carbon signal of deuterated solvents ( *C).
Detailed '*C NMR peak assignments were obtained by careful anal-
ysis of DEPT, HMQC and HMBC NMR spectra. Mass spectra were
run using a Kratos MS50TC instrument for exact mass measure-
ment (performed in the El mode at a resolution of 10,000).

4.2. General method A (use of toluene)

A mixture of imidazole {0.23 g, 3.4 mmal) and ethyl propiolate
(0.34 ml, 3.4 mmol) in toluene under nitrogen was heated over-
night at reflux. Toluene was removed under reduced pressure to
leave a solid. The mixture was separated by column chromatogra-
phy (silica, eluent dichloromethane).

4.2.1. Ethyl (E)-3-(imidazol-1-yl)-propenoate (3a-trans). 'H
NMR (300 MHz, CDCls, 8): 1.34 (¢, [=7,3H), 427 {q, [=7,] =14,
2H), 6.05 (d, [= 14, 1H), 7.17 (s, 1H), 7.22 (s, 1H), 7.76 (s, 1H), 7.87
{d, ]=14, 1H); '*C NMR (75 MHgz, CDCl;, 8): 14.37 (CH;), 61.10
{CHz), 107.19 (CH), 120.84 {CH), 137.96 (CH), 132.51 {CH), 139.91
(CH), 166.01 C; HR-MS: caled for (CgH, g0uN5): m{z166.0742, Found:
166.0625.

4.22. Ethyl (27)-343-imidazol-1-yl}-2-propencate (3a-ds). 'H
NMR (300 MHz, CDCls, 8): 1.34 (¢, [=7,3H), 427 {q, [=7,] =14,
2H), 5.50 (d, =10, 1H), 590 (d, =10, 1H), 7.10 (s, 1H), 7.84 (s,
1H), 8.07 (s, TH); 3¢ NMR (75 MHz, CDCls, é): 14.37 {CH3), 61.10
{CH3), 107.19 {CH), 120.84 (CH), 137.96 {CH), 132.51 (CH), 139.91
(CH), 166.01 C; HR-MS5: caled for (CgHgO3N5): mfz166.0742, Found:

166.0625.

4.22, Ethyl (27)-343-imidazol-1-yl}-2-propenoate (3a-ds). 'H
NMR (300 MHz, CDCls, 6): 1.34 (t, =7, 3H), 427 (q, [=7, [ =14,
2H), 550 (d, [ =10, 1H), 5.90 (d, = 10, 1H), 7.10 (s, 1H), 7.84 (s,
1H), 8.07 (s, 1H); '*C NMR (75 MHz, CDCla, 8): 14.37 (CHz), 61.10
{CH3), 106.22 (CH), 116.27 (CH), 130,37 (CH), 131,99 {CH), 136.48
(CH), 166.01 C; HR-MS: caled for (CgHygO3N3): mfz 166.0742,
Found: 166.0625.

4.2.3. Ethyl (E)-34{2-phenyl-1H-imidazol-1-yl)-2-propenoate
(3b-trans). '"H NMR (300 MHz, CDCls, 5): 1.26 (t, [ =7, 3H), 4.23
(q, /=7, =14, 2H), 6.04 (d, [=14, 1H), 723 (d, [=1, 1H), 7.34
{d, ]=1, 1H), 7.50 {m, 3H), 7.56 {m, 2H), 7.97 (d, | = 14, 1H); '3C
NMR (75 MHz, CDCla, 4): 14.41 (CHs), 61.01 {CH3), 107.83 {CH),
116.73 (CH), 128.12 (C), 129.09 (2x CH), 129.77 (2x CH),
130,03 (CH), 130.99 (CH), 137.32 (CH), 140.08 (C), 166.20 (C);

HR-MS: caled for {Ci4H1402N3): mfz 242.10553. Found:
242.10515.
4.24. Ethyl (Z)-342-phenyl-1H-imidazol-1-yl)-2-propenoate

(3b-cis). "H NMR (300 MHz, CDCls, 6): 1.25 {t, | = 7, 3H), 424 (q,
]=7, ] =14, 2H), 5.57 {d, [ = 10, 1H), 6.92 (d, | = 10, 1H), 7.16 {d,
]=2, 1H), 7.45 (m, 3H), 7.62 (m, 2H), 7.93 (d, ] = 2, 1H); *C NMR
(75 MHz, CDCls, 5): 14.07 (CHz), 60.62 (CHz), 108.29 (CH), 121.87
(CH), 128.48 (C), 128.54 {CH), 128.70 (2x CH), 129.40 (2x CH),
129.61 (CH), 133.33 (CH), 149.17 (C), 163.97 (C); HR-MS caled for
(C14H140,N5): mfz 242.10553. Found: 242.10548,

4.25. Ethyl (E)-3+{4-phenyl-1H-imidazol-1-yl)-propenoate (3c-
trans). 'H NMR (300 MHz, CDCI3, 6): 1.33 (t, [ =7, 3H), 427 (q,
=7, ]=14, 2H), 6.10 {d, [ =15, 1H)}, 7.30 (d, [=7, 1H), 7.39 (t,
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J=7,2H), 7.48 (s, 1H), 7.87 (d, | = 14, 1H), 7.79 {m, 3H); "*C NMR
{75 MHz, CDCla, 8): 14.37 (CHa), 61.01 (CH,), 106.89 (CH), 111.00
(CH), 12538 (2x CH), 127.97 (CH), 128.85 (2x CH), 128.89 (C),
132.75 (C), 138.36 (CH), 144.62 (CH), 166.05 C; HR-MS: calcd for
(C14aH1402N2): njz 242.1055. Found: 242.1057.

4.2.6. Ethyl (Z)-344-phenyl-1H-imidazol-1-yl)-2-propenoate
{3c-cis). '"H NMR (300 MHz, CDCI3, 6): 1.34 {t, ] =7, 3H), 425 {q,
[=7,]=14, 2H), 5.51 {(d, [ =11, 1H), 690 (d, J=11, 1H), 7.28 (d,
f=7,1H),7.40(t, /=7, 2H), 7.83 (d, [ =7, 2H), B.05 (s, 1H), 8.29 (s,
1H); 13C NMR (75 MHz, CDCls, 5): 14.20 (CH5), 60.89 (CH,), 105.70
{CH), 116.03 (CH), 128.28 {2x CH), 127.51 {CH), 128.67 (2x CH),
132.29(C), 133.08 (C), 140.28 (CH), 152.87 (CH), 164,43 C; HR-MS:
caled for (C14H1402N2): mfz 242,1055. Found: 242.1071.

4.2.7. Ethyl (E)-3-{3-phenyl-1H-pyrazol-1-yl)-propenocate (5-
trans). '"H NMR {300 MHz, CDCI3, §): 1.31 (t, J]=7, 3H), 4.23 (q,
[=7,]=14, 2H), 5.41 {d, [=11, 1H), 6.72 (d, /=3, 1H), 7.32 (d,
J=11, 1H), 7.39 (m, 3H), 7.83 (m, 2H), 9.14 (d, [ =3, 1H); '*C
NMR (75 MHz, CDCls, 6): 14.35 (CHa), 60.71 (CH3), 102.11 (CH),
106.55 (CH), 126.23 (CH), 128.82 (CH), 128.86 {CH), 132.17 (C),
134.67 (CH), 13793 (CH) 163.70 {C), 165.22 C; HR-MS calcd for
{CiaH 1402N32): mjz 242.10553. Found: 242.10671.

4.2.8 Ethyl (Z)-3{3-phenyl-1H-pyrazol-1-yl)-propenocate (5-
cis). 'H NMR (300 MHz, CDCls, 5): 1.31(t, [=7, 3H),4.25(q, | =7,
f=14, 2H), 6.43 (d, [=14, 1H), 6.70 (d, J=3, 1H), 7.36 {m, 3H),
7.60 (d, [=3, 1H), 7.84 (m, 2H), 7.95 (d, | =14, 1H); *C NMR
{75 MHz, CDCls, &): 14.35 (CHa), 60.55 {CH3), 105.52 {CH), 106.62
{CH), 126.14 (CH), 128.76 (CH), 128.88 (CH), 131.70 (CH), 132.02
{C), 139.51 (CH), 155.08 {C), 166,71 C; HR-MS caled for
{Ci4H 1402N5): mjz 242.10553. Found: 242.1054.

4.3. General method B (use of base)

A mixture of 5-phenyltetrazole {0.50 g, 3.4 mmol), ethyl propi-
olate {0.52 ml, 5.1 mmol) and some drops of triethylamine in ace-
tonitrile under nitrogen was heated overnight at reflux.
Acetonitrile was removed under reduced pressure to leave a yellow
oil. The mixture was separated by column chromatography (silica,
eluent dichloromethane).

4.3.1. Ethyl (E)-3<{5-phenyl-2H-tetrazol-2-yl)-propenoate (7a-
trans). "H NMR (300 MHz, CDCI3, §): 1.38 (t, /=7, 3H), 4.34 (q,
=7, ]=14, 2H), 6.93 (d, [ =14, 1H), 7.52 (m, 3H), 8.20 {m, 2H),
8.41 (d, |=14, 1H); 3¢ NMR (100 MHz, CDCl3, 4): 13.68 {CH3),
61.03 (CHz), 113.45 (CH), 125.96 (C), 126.92 (2x CH), 128.66 (2x
CH), 130.75 (C), 134,72 (CH), 164.21 C, 165.25 (C); HR-MS: calcd
fﬂr{C‘2H1202N4]: i'ﬂl'lz 2440960, Found: C12H‘202N4—CH3CH2COO:
171.0540.

4.3.2, Ethyl (Z)-3{5-phenyl-2H-tetrazol-2-yl}-propenoate (7a-
cis). 'H NMR (300 MHz, CDCla, 5): 1.30 {t, [=7, 3H),4.34 (q, | = 7.
J=14,2H),6.10 (d, [ = 10, 1H), 7.14 (m, 2H), 7.50 (m, 4H); '*C NMR
{75 MHz, CDCls, 4): 14.09 {CHz), 61.87 (CH3), 115.54 {CH), 126.65
{CH), 126.72 (), 127.27 (2% CH), 129.11 {2x CH), 130,98 (CH),
164.19 C, 165.23 (C); HR-MS: caled for ({CiaHi202N4): m|z
244.0960. Found: Cy3H ;205N ~CH3CH,C00: 171.0540.

4.3.3. Ethyl (E)-3<5-phenyl-1H-tetrazol-1-yl)-propenoate (8a-
trans). '"H NMR (300 MHz, CDCls, §): 1.30 (t, | =7, 3H), 4.30 {q,
[=7.1=14, 2H}, 6.98 (d, [ = 14, 1H), 7.65 (m, 5H), 7.92 (d, | = 14,
1H); '*C NMR (75 MHz, CDCls, é): 1429 (CHs), 61.67 {CHj),
116.07 (CH), 129.12 (C), 12954 (2x CH), 129.77 {2x CH),
131.89 (C), 13230 {CH), 154.61 (C), 164.19 C; HR-MS: calcd
for {C|2H|202N4]: iHlllZ 2440960, Found: C|2H|202N4—
CH=CH2CO0: 171.0547.

4.3.4. Ethyl (Z)-3-(5-phenyl-1H-tetrazol-1-yl)-propenoate (8a-
cis). "H NMR (300 MHz, CDCls, 8): 1.28 (t,] =7, 3H), 4.10(q, | = 7,
=14, 2H), 625 (d, J=9, 1H), 7.18 (d, /=10, 1H), 7.58 (m, 3H),
7.79 (m, 2H); "*C NMR (75 MHz, CDCls, §): 13.89 (CH,), 61.77
(CHz), 121.87 (CH), 12325 (C), 127.91 (CH), 128.98 (2x CH),
129.04 (2= CH), 131.89 (CH), 154.08 (C), 162.85 C; HR-MS: calcd
for {C12H|202N4)I HI}'Z 244,0960, Found: C12H1202N4—CH3CH2C00!
171.0544,

4.3.5. Ethyl (E)-3-[5-(2-amino-5-chlorophenyl)-2H-tetrazol-2-
yl|-propenoate (7b-trans). 'H NMR (300 MHz, CDCls, 8): 1.38 (t,
{=7, 3H), 4.34 (q, |=7, [=14, 2H), 547 (s, NHz), 6.47 (d, [=9,
1H), 6.90(d, =15, d), 7.22 (dd, /=9, /=2, 1H), 8.18 (d, ] =2, 2H),
841 {d, /=15, 2H); "3C NMR (75 MHz, CDCl;, &) 14.31 {CH3),
61.88 {CHz), 10986 (C), 115.05 {CH), 118.12 {(CH), 12229 (C),
128.54 {CH), 13212 (CH), 134.97 (CH), 144.95 (C), 164.03 (C),
164.70 C; HR-MS: calcd for (Cy3H 120:N5Cl): mfz 293.0680. Found:
293.0678.

4.3.6. Ethyl (Z)-3-|542-amino-5-chlorophenyl)-2H-tetrazol-2-
yl]-propencate (7b-cis). '"H NMR (300 MHz, CDCls, §): 1.31 (t,
[=7, 3H), 432 (q, =7, ] =14, 2H), 542 (s, NH3), 6.08 (d, [=10,
1H), 6.72(d, [ =9,d), 7.20 (dd, =9, [= 2, 1H), 7.53 (d, [ =10, 2H),
8.14 (d, [=2, 2H); "*C NMR (75 MHz, CDClz, 5): 14.13 (CHa),
61.66 (CHgz), 109.97 {C), 114.29 (CH), 118.00 (CH), 122.11 {C),
126.58 {CH), 12838 (CH), 131.81 (CH), 144.77 (C), 163.95 (C),
164.69 C; HR-MS: caled for (CyzH 1202NsCl): mfz 293.0680. Found:
293.0678.

4.3.7. Ethyl (E)-3-[5-(2-chlorophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7c-trans). '"H NMR (300 MHz, CDCI3, 5): 1.35 (t, [=7,
3H), 434 (q, ] =7, /=14, 2H), 6.96 (d, | =15, 1H), 7.45 (m, 2 H),
7.57(dd,J=2,]=7, 1H), 8.05 {dd, ] =3, ] =6, 1H), 845 (d, [= 15,
1H); ®C NMR (75 MHz, CDCls, 68): 1432 (CHa), 61.66 {CHa),
114.59 (CH), 125.47 (C), 127.18 (CH), 131.26 (CH), 131.62 (CH),
131.50 (CH), 133.48 (C), 135.25 {C), 164.10 C, 164.74 (C); HR-MS
caled for (Cy3Hy105N,Cl): mfz 278.0571. Found: CysH;,0:N4Cl-
C3Hg: 250.0504.

4.3.8. Ethyl (Z)-3-[5<2-chlorophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7c-cis). "H NMR (300 MHz, CDCI3, 8): 128 (t, [ =7, 3H),
434 (q, |=7, ]=14, 2H), 6,13 (d, =10, 1H), 7.42 (m, 2H), 7.53
{m, 2H), 8.02 (dd, =2, [ =6, 1H}; "*C NMR {75 MHz, CDCla, &):
14.07 (CHs), 61.96 (CHz), 115.84 (CH), 125.78 (C), 126.39 (CH),
127.12 {CH), 131.14 {CH), 131.60 {CH), 131.66 (CH), 133.36 (C),
16346 (C), 164.04 (C); HR-MS caled for (CyaH02NgCl): mjz
278.0571. Found: Cy3H ;0;N4C1-C3Hg: 250.0508,

4.3.9. Ethyl (Z)-3-[5-2-chlorophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8c-cis). 'H NMR (300 MHz, CDCI3, 8): 1,19 {t, [ =7, 3H),
412 (q, [=7,]=14,2H),6.10(d, [=19, 1H), 7.07 (d, | =9, 1H), 7.50
{m, 4H); *C NMR {75 MHz, CDCls, 8): 13,98 {CH3), 61.78 (CHy),
121.21 {CH), 12322 (C), 127.33 (CH), 127.48 {CH), 130.47 (CH),
132,60 (CH), 133.03 (CH), 133.57 (C), 152.80 (C), 162.79 (C); HR-
MS caled for (CiaHyO2MN4Cl):  mfz  278.0571.  Found:
Cy2H1102N4Cl-CH-CH,CO0: 205.0070.

4.3.10. Ethyl (E)-3-[5-3-chlorophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7d-trans). 'H NMR (300 MHz, CDCI3, §): 1.14 (t, [=7,
3H), 4.34 (q, [=7, |=14, 2H), 692 (d, [= 14, 1H), 7.45 (m, 2H),
8.06 (dt,[=2,]=7, 1H), 8.16 (s. 1H), 8.38 (d, | = 14, 1H); °C NMR
{100 MHz, CDCls, &): 1426 (CHs), 61.56 (CH3), 114.35 (CH),
12538 (CH), 127.00 (CH), 127.93 (C), 130.44 (CH), 131.22 (CH),
135.04 (CH), 135.19 {C), 164.58 C, 165.59 (C); HR-MS calcd for
{C12H110:N4Cl): mfz 278.0570. Found: MH: 279.0691.
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43.11. Ethyl (Z)-3-[5-(3-chlorophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7d-cis). TH NMR (300 MHz, CDCl,, 8): 1.31 (t, =7,
3H), 4.35 {q, [ =7, [=14, 2H), 6.13 (d, [=10, 1H), 7.43 {m, 2H),
752 (d, [ =10, 1H), 8.03 (d, [ =16, 1H), 8.13 (s, 1H); *C NMR
{75 MHz, CDCls, 6): 14.04 (CHs), 61.90 {CH3), 115.95 {CH), 125.20
{CH), 126.51 (CH), 127.18 {CH), 129.11 {2x CH), 12827 (Q),
13041 (CH), 130,96 (CH), 135.09 (C), 164.04 C, 165.04 (C); HR-
MS caled for {Ci2H1102N4C1): mfz 278.0570. Found: MH: 279.0077.

4.3.12. Ethyl (E)-3-[5-(3-chlorophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8d-trans). '"H NMR (300 MHz, CDCls, 4): 1.35 (t,
{=7,3H), 430 (q, [=7, | =14, 2H), 6.98 (d, |= 14, 1H), 7.56 {m,
2H), 7.64 (m, 1H), 7.74 (s, 1H), 7.90 (d, | =14, 1H); *C NMR
{100 MHz, CDCls, &) 1430 {CHs), 61.82 (CH;), 116.62 {CH),
12432 (C), 127.49 (CH), 129.63 (CH), 131.09 (C), 131.42 {CH),
132,52 (C), 136.05 (C), 153.42 (C), 164.78 C; HR-MS calcd for
{CiaH1102N4C1): mjz 278.0570. Found: 278.0583,

4.3.13. Ethyl (Z)-3-[5-(3-chlorophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8d-cis). 'H NMR (300 MHz, CDCls, 5): mz 1.16 (t,
{=7,3H),4.10(q./=7,]=14,2H),6.30 (d, [=9, 1H), 7.20(d,] = 10,
1H),7.52 (m, 2H),7.69 (d, [ = 8, 1H), 2.81 (s, 1H); "*C NMR (75 MHz,
CDCls, 8): 13.93 (CHz), 61.91 {CHy), 122.77 {CH), 125.12 (C), 127.04
{CH), 127.95 (CH), 130.75 (CH), 135.57 (C), 153.02 (C), 162,62 C;
HR-MS caled for {Cy2H1102N4Cl1): mjz 278.0571. Found: 278.0563.

4.3.14. Ethyl (Z)-3-[5-(4-chlorophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7e-cis). TH NMR (300 MHz, CDCI3, 6): 130 (t, =7,
3H), 4.34 (g, /| =7, =14, 2H), 6.10 (d, /=10, 1H), 7.50 (m, 3H),
8.10 (d, [ =8, 2H); '*C NMR (75 MHz, CDCla, §): 14,13 (CHa3),
61.99 (CH;), 115.78 (CH), 126.18 (C), 128.55 (2= CH), 1298.52 (2x
CH), 137.20 (C), 147.65 (CH), 164.12 C, 164.40 {C); HR-MS calcd
for (CiaH1102N4Cl): mfz 278.0570. Found: MH: 279.0588.

4.3.15. Ethyl (E)-3-[5-(4-chlorophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8e-trans). 'H NMR (300 MHz, CDCI3, §): 1.35 (t,
{=7, 3H), 430 (q, [ =7, ]=14, 2H), 657 (d, [ =14, 1H), 7.90 (d,
/=14, 1H), 7.53 (d, | = 8, 2H), 7.76 (d, ] = 8, 2H); "*C NMR (75 MHz,
CDClz, &) 14.29 {CH3), 61.81 (CHy), 116.48 (CH), 131.03 {CH),
121.06 (0, 13022 (2% CHY, 13077 (2% CH1. 153.71 (0} 164.80 C:,
HR-MS caled for (Cy3H,0,NCl): mfz 278.0570. Found: 278.0562.

4.3.16. Ethyl (Z)-3-[5-(4-chlorophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8e-cis). TH NMR (300 MHz, CDCI3, 8): 1,14 (t, | =7,
3H), 407 (q,J=7.]=14,2H), 629 (d, /=9, 1H), 722 (d,] =9, 1H),
7.52 (d, | =8, 2H), 7.76 (d, ] = 8, 2H); "3C NMR (75 MHz, CDCla, &);
13.89 (CHs), 61.84 (CHz), 121.81 (CH), 122.61 (C), 128.09 (CH),
129.76 (2= CH), 130.16 (2= CH), 153.28 {C), 162.57 C; HR-MS calcd
for {CizH1102N4Cl): mfz 278.0570. Found: MH: 279.1633.

4.3.17. Ethyl (E)-3-[5-(3-fluorophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7f-trans). 'TH NMR (300 MHz, CDCI3, #): 1.38 {t,
[=7,3H), 433 (q, ]=7,[=14, 2H), 693 (d, =14 1H), 7.22 (td,
[=3, =8, 1H), 7.50 (td, [ =5, |=8, 1H), 7.90 (dt, [ =8, | =2, 1H),
8.00 (d, ]=8, 1H), 8.40 (d, [= 14, 1H); '*C NMR {75 MHz, CDCls,
§): 14.30 (CHz), 61.67 {CH3), 114.27 and 114.58 {%Jcr=23, CH),
11446 (CH), 11831 and 11843 (3 =21, CH), 123,17 (CH),
128,32 and 128,44 (=9, C), 130,90 and 131,03 (%] =9, CH),
135.14 (CH), 161.49 and 164.84 ("]ce =251, C), 164.70 (C), 164.77
(C); HR-MS caled for {CyaHO2NgF): mjz 262.0866. Found:
Cy2H1102M4F - CHaCH,COO: 189.0478.

4.3.18. Ethyl (Z)-3-[5-(3-fluorophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7f-cis). TH NMR (300 MHz, CDCI3, 6): 1.31(t, /=7,
3H), 434 (q, [=7, [=14, 2H), 6.13 (d, [ =10, 1H), 7.20 (td, [=3,

[=8, 1H), 7.48 {m, 1H), 7.53 (d, [=10, 1H), 7.86 {m, 1H), 7.97 (d,
| =8, 1H); 3C NMR (75 MHz, CDCl,, 4): 14,13 {CH;), 61.86 (CHJ),
114.14 and 114.45 {sz =23, CH), 11597 (CH), 11792 and
118.19 (2fct==20» CH), 12297 and 123.02 {"jCF=3, CH), 126.60
{CH), 128.64 and 128.76 {3JCF =9, C), 130.86 and 130.98 '[EICF=9,
CH), 161.51 and 164.75 {'ICF=243,CL 164.13 (C), 164.31 (C); HR-
MS caled for {Cyz2Hy102N4F): m/z 262,0866. Found: Cy2H 1102N4F-
CH2CH,C00: 189.0353.

4.3.19. Ethyl (E)-3-[5+3-fluorophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8f-trans). 'H NMR (300 MHez, CDCls, d): 1.34 (t,
[=7, 3H), 431 (q, [=7, [ =14, 2H), 6.98 (d, [ =15, 1H), 7.50 {m,
4H), 7.94 {d, /=15, 1H); '*C NMR {75 MHz, CDCla, 5): 14.41
{CHz), 60.68 {CH3), 104.45 {CH), 116,64 and 117.72 (¥ =25,
CH), 119.47 and 119.75 (}ce = 21, CH), 125.23, 131.68 and 131.80
(}Jce=9, CH), 13140 and 13147 (}J=5, CH), 13720 (CH),
164.18 and 166.23 {'Jcz = 154, CH), 164.70 {C), 164.79 (C); HR-MS
caled for (CyaHy¢O2N4F): mfz 262,0866. Found: CyzH1OzN4F-
CH2CH,CO0: 189.0461.

4.3.20. Ethyl (Z)-3-[5-(3-fluorophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8f-cis). 'H NMR (300 MHz, CDCl3, 8): 1.15 (t, [ =7,
3H), 410{q, [=7,]=14, 2H), 632 (d, [=9,1H),7.21 (d, [=9, 1H),
7.23 {m, 1H), 7.58 (m, 3H); HR-MS calcd for (CizH1102N4F): m|z
262,0866. Found: Cy3H1402N4F-CHzCH;C00: 189.0433.

4.3.21. Ethyl (E)-3-[5-(3-bromophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7g-trans). 'TH NMR (300 MHz, CDCI3, §): 1.38 (t,
[=7, 3H), 434 (q, [=7, | =14, 2H), 6591 (d, [=14, 1H), 7.37 (t,
[=8, 1H), 7.62 (d, =8, 1H), 8.11 (d, [ = 8, 1H), 8.34 (s, 1H), 8.32
{d, [=14, 1H); 3¢ NMR {75 MHz, CDCls, &) 14.27 {CHa1), 61.60
{CH3), 11439 (CH), 123.20 (C), 125.85 (CH), 128.19 {C), 130.23
{CH), 130.69 {CH), 134.16 (CH), 135.04 (CH), 164.44 {C), 165.59
{C); HR-MS calcd for {CyjaH1102N4Br): mjz 322.0065. Found:
Cy2H 102N 4Br-CH;CH,CO00: 248.9666.

4.322. Ethyl (Z)-3-[5-(3-bromophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7g-cis). 'H NMR {300 MHz, CDCl,, §): 132 (t, [=7,
3H), 435 {q, /=7, |=14, 2H), 6.13 (d, ]=10, 1H), 7.37 (t, [ =8,
1H), 7.52 (d, | =10, 1H), 7.62 (d, | =8, 1H), 8.07 {d, =8, 1H), 8.29
(s, 1H); 3¢ NMR {75 MHz, CDCls, 4): 14.04 (CHz), 61.90 {CH3),
11594 (CH), 123.10 (C), 125.66 (CH), 126.51 {CH), 128.49 (C),
130,10 (CH), 130,65 (CH), 133.88 {CH), 163.82 {C), 164.04 (C);
HR-MS caled for (CyaHy1OaN4Br): mjz 322.0065. Found:
C|2H1|02N4BT—CH3CH2C00: 2438.9596,

4.323. Ethyl (E)-3-[5-(3-bromophenyl}-1H-tetrazol-1-yl]-pro-
penoate (8g-trams). 'H NMR (300 MHz, CDCls, &): 1.34 (t,
[=7, 3H), 429 (q, [=7, ] =14, 2H), 6.98 (d, ] =14, 1H), 7.52 {m,
1H), 7.55 (d, | =7,1H), 7.80 {d, J]=7 1H), 7.89 (s, 1H), 791 (d,
] =14, 1H); '*C NMR (75 MHz, CDCls, ); 14.30 (CHz), 61.82 (CH2),
116.62 {CH), 123.87 {CH), 124.54 {C), 127.92 (CH), 131.21 {CH),
131.39 {C), 132.49 (CH), 135.44 (CH), 153.29 (C), 164.29 C; HR-
MS caled for (CyaH{1OzN4Br): mfz 322.0065. Found:
C|2H1|02N4BF—CH3CH2COOI 248.9200,

4.324. Ethyl (Z)-3-[5-(3-bromophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8g-cis). '"H NMR (300 MHz, CDCls, 5): 1.14 (t,
[=7, 3H), 411 (q, | =7, |=14, 2H), 6.31 (d, [=8, 1H), 7.20 {d,
/=9, 1H), 7.30 (m, 2H), 7.43 (t, /=8, 1H), 7.96 (s, 1H); *C
MMR {75 MHz, CDCls, é): 13.93 (CHs), 61.94 {CH3), 122.74 (CH),
123,44 (CH), 12533 (C), 127.46 (C), 127.89 (CH), 130.93 (CH),
131.79 (CH), 134.96 (CH), 152.62 (C), 162,62 C; HR-MS calcd
for (CyaHqO3N4Br): mjz 3220065, Found: Cy3H;{O:N4Br:
322.0059.
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4.3.25. Ethyl (E)-3-[5-(3-iodophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7h-trans). "H NMR (300 MHz, CDCI3, &): 1.39 {t,
[=7,3H), 4.34 (q, =7, ]=14, 2H), 6.93 (d, [ =14, 1H), 7.27 {t,
[=8, 1H), 7.48 (d, | =8, 1H), 8.17 {d, /=8, 1H), 8.56 (s, 1H), 840
{d, ] =14, 1H); *C NMR (75 MHz, CDCls, 4): 14.32 {CH3), 61.66
{CH,), 94.68 {C), 114.51 {CH), 126.54 {CH), 128.27 {C), 130.83
{CH), 135.13 {CH), 136.16 {CH), 140.18 (CH), 164.37 (C), 164.71
(C); HR-MS caled for (CyaHyOaNgl): mjz 322.0065. Found:
CyoH 403N Br-CH: 341.9715.

4.3.26. Ethyl (Z)-3-[5-(3-iodophenyl)-2H-tetrazol-2-yl]-pro-
penoate (7h-cis). 'H NMR (300 MHz, CDCI3, 6): 1,32 (t, 3H),
4.36 (g, 2H), 6.12 (d, [= 10, 1H), 7.24 (t, 1H), 7.50 (d, [ = 10, 1H),
7.82(d, |=8,1H), 8.00(d,] = 8, 1H), 8.52 (s, 1H); '*C NMR (75 MHz,
CDCls, 6): 14,17 {CH3), 61.02 (CH3), 94.61 (C), 115.99 (CH), 126.36
{CH), 126.53 (CH}, 128.61 (C), 130.80 (CH), 136.10(C), 139.91 (CH),
163.79 (C), 16413 (C); HR-MS calcd for (Cy2H{1OzN4l): mjz
322.0065. Found: CyzHq10:N4Br-CgHy: 341.9788.

4.3.27. Ethyl (E)-3-[5-(3-iodophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8h-trans). TH NMR (300 MHz, CDCl5, 6): 1.32 (t, [=7,
3H), 4.36 {(q, /=7, =14, 2H), 612 (d, /=14, 1H), 7.24 (t, |=8,
1H), 7.50 (d, J=14, 1H), 7.82 (d, [=8, 1H), 8.12 {d, [ =8, 1H),
8.52 (s, 1H); 3¢ NMR {75 MHz, CDCls, 8): 14.47 {CHz), 61.86
(CHs), 95.13 {C), 116.57 (CH), 128.46 {CH), 131.17 {CH), 131.62
(C), 13458 (CH), 138.25 (CH) 140.86 (CH), 150.66 (C), 16523
(C); HR-MS caled for (CyzH1OzMgl): mjz 322.0065. Found:
C|2H1102N4BE 3699924,

4.3.28. Ethyl (Z)-3-[5-(3-iodophenyl)-1H-tetrazol-1-yl]-pro-
penoate (8h-cis). 'H NMR {300 MHz, CDCl;, ) 1.32 (t, J=7,
3H), 421 (q, [=7, =14, 2H), 628 (d, [=9, 1H), 7.76 (d, [=9,
1H), 7.29 (m, 1H), 7.76 (d, [=8, 1H), 7.92 (d, [=7, 1H), 8.16 (s,
1H); '3C NMR (75 MHz, CDCls, 8): 14.29 (CHa), 61.96 (CH3),
84,74 (C), 122,61 (CH), 125.38 (C), 127.79 (CH), 128.04 (CH),
13091 {CH), 137.19 (CH), 140.86 (CH), 152.74 (C), 162,64 {C);

HR-MS caled for {CyaHy1O2Ngl): mjz 3220065 Found:
CyoH 403N Br: 3699914,
4.3.29. Ethyl (E)-3-{tetrazol-2-yl)-propenoate (7i-trans). H

NMR (300 MHz, CDCI3, 6): 1.37 (t, J=7, 3H), 433 (q,J=7, [ = 14,
2H), 6.93 (d, ] = 14, 1H), 8.41 (d, | = 14, 1H), 8.65 (s, 1H); 13C NMR
(75 MHz, CDCla, 8): 14.24 (CH3), 61.59 (CH,), 114.90 (CH), 134.47
(CH), 153.56 (CH), 164.49 C.

4.3.30. Ethyl (Z)-3-(tetrazol-2-yl)-propenoate (7i-cis). '"H NMR
{300 MHz, CDCls, d): 1.29 (t, [=7, 3H), 430 (q, [ =7, ] = 14, 2H),
6.14 (d, J=10, 1H), 7.53 (d, /=10, 1H), 8.60 (s, 1H); '*C NMR
{75 MHz, CDCls, 8): 14.04 {CHz), 61.80 (CH3), 116.45 (CH), 126.72
{CH), 152,91 {CH), 16391 C.

4.3.31. Ethyl (Z)-3{tetrazol-1-yl]-propenoate (8i-trans). 'H
NMR (300 MHz, CDCls, é): 1.36 (t, [=7, 3H), 4.32 (q, =7, =14,
2H), 6.80 (d, [ = 14, 1H), 8.20 (d, | = 10, 1H), 8.98 (s, 1H); '*C NMR
{75 MHz, CDCla, 8): 14.29 (CH3), 61.80 {CH3), 114.81 {CH), 137.95
{CH), 154.14 (CH), 16446 C.

4.3.32. Ethyl (Z)-3-3-phenyl-1,24-triazol-1-yl}-propenocate
(10a-cis). 'H NMR {300 MHz, CDCI3, §): 133 (t, /=7, 3H),
427 {q, [=7, |=14, 2H), 557 (d, =11, 1H), 7.29 (d, [=11,
1H), 744 {m, 3H), 8.13 {m, 2H); 3¢ NMR {75 MHz, CDCl,, &):
14.25 (CH3), 61.26 (CH3), 106.95 (CH), 126.90 {2x CH), 128.78
(2% CH), 130.07 (CH), 133.73 (CH), 147.71 (CH), 162.57 C,
164.62 (C); HR-MS calcd for {Cy4H40:N3): mfz 243,1009. Found:
243.0999.

4.3.33. Ethyl (E)-3-(3-(2-aminophenyl-1,2 4-triazol-1-yl)-2-pro-
penoate (10b-trans). 'H NMR (400 MHz, CDCI3, §): 1.35 (t, [=7,
3H), 430 (q, /=7, | =14, 2H), 590 (s, NHz), 6.57 (d, [=14, 1H),
6.78 (m, 2H), 7.39 {m, 1H), 8.00 (d, {= 14, 1H), 8.35 {m, 1H), 8.31
(s, TH); *C NMR (100 MHz, CDClz, é): 14.2 {CHs), 61.1 (CHz),
109.2 (CH), 112.3 {C), 116.4 {CH), 117.2 {CH), 129.3 {CH), 131.2
{CH), 134.8 (CH), 144.2 (CH). 146.3 (C), 164.4 (C), 165.8 C; HR-
MS: caled for {CyzsHy402N4): mfz 258.1117. Found: 258.1114.

4.3.34. Ethyl (Z)-3-(3-(2-aminophenyl-1,2,4-triazol-1-yl)-2-pro-
penoate ( 10b-cis). H NMR {400 MHz, CDCI3, 6): 1.32(¢t,[ =7, 3H),
427(q,|=7,]=14, 2H), 5.60 (s, NH3), 5.65 (d. /= 11, 1H), 6.75 {m,
2H), 7.20 (dq, [f=2,/=8, 1H), 7.26 (d, | =11, 1H), 8.14 {dd, [=1,
[=8, 1H), 9.64 (s, 1H); 3t NMR {100 MHz, CDCls, 5): 14.1 {CHa),
61.1 {CH;), 1066 {CH), 112.3 {C), 1163 {CH), 117.2 (CH), 129.2
(CH), 130.8 (CH), 133.1 {CH), 146.15 {C). 146.23 (CH), 162.6 {C),
164.5 C; HR-MS: caled for {CysHy40:N4): mfz 258.1117. Found:
258.1128.

4.4. Cell culture, transfections, and plasmids

Hela cells, human epithelial cells, and human embryonal kid-
ney 293T cells were cultured in Dulbecco's modified Eagle's med-
ium {DMEM) (Mediatech Inc., Herndon, VA) supplemented with
10% {vol/vol) heat-inactivated fetal calf serum, 2 mM r-glutamine
0.1% sodium bicarbonate, and 20 pg/ml gentamicin. The OM10.1
cell line was obtained from the AIDS Research and Reference Re-
agent Program (ERC Bio Services, Rockville, MD)*¥ Cells were
grown in RPMI 1640 medium {Mediatech Inc., Herndon, VA) sup-
plemented with 10% (vol/vol) fetal calf serum, 2 mM L-glutamine
0.1% sodium bicarbonate, and 20 pg/ml gentamicin.

pRevM5-GFP and pCRM1-GFP plasmids produce fusion proteins
of RevM5 and hCRM1, respectively, fused to the enhanced version
ofthe GFP (GFPsg25).4! RevM5 has two point mutations {R38D and
R39L) in its RNA-binding-site and is therefore unable to bind RRE
RNA. pCRM1-GFP was a kind gift of Dr. Felber {National Cancer
Institute, Frederick, MD). pRev-BFP expresses the Rev protein fused
to the enhanced BFP emitting blue light. ! pCRM1-EYFP was
constructed by cloning the CRM1 gene from pCRM1-GFP into
pEYFP-N1 vector {Clonetech, Mountain View, CA). The pEYFP-
CRM1Cys528Ser plasmid was constructed by cloning the
CRM1Cys528Ser from pXHCK1 (a kind gift from Dr. M. Yoshida
Chemical Genetics Laboratory, Discovery Research Institute, RIKEN
Japan)*® into pEYFP-N1 (Clonetech, Mountain View, CA).

For transfection of Hela cells, cells were plated onto glass bot-
tom microwell dishes {MatTek Corporation, Ashland, MA) at
0.1 % 105 cells/plate and until 50% confluent, Cells were washed
with PBS and transfected with 1 g of plasmid DNA using Super-
Fect® transfection reagent (Qiagen, Valencia, CA) according to the
manufacturers manual and incubated overnight.

4.5. RevM5-GFP transport assay

The inhibition of the CRM1-mediated Rev transport was moni-
tored as follows. HEK 293T cells were plated in 96-well trays and
transfected with pRevM5-GFP using the calcium phosphate trans-
fection method. One day after transfection, test compounds were
added to the cells at different concentrations. Inhibition of the
CRM1-mediated nucleocytoplasmic transport was measured by
verifying the cellular distribution of RevMS5-GFP two hours after
addition of the compounds. Using fluorescence microscopy, condi-
tions where the RevM5-GFP was found mainly in the nucleus were
scored positive, conditions where the RevM5-GFP localization was
cytoplasmic were scored as negative. Cytoxicity of the test com-
pounds was measured according to a tetrazolium-based viability
assay (CellTiter96 Aqueous Cell Proliferation Assay, Promega
Belgium).
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4.6. Microscopy of living cells

One day after transfection of Hela cells, cells were washed with
PBS and treated with the appropriate concentrations of test com-
pound dissolved in complete DMEM. Cells were analyzed at 30,
120, 180 min, and 24 h after treatment. The cells were examined
with an 5P5 confocal microscope (Leica Microsystems, Mannheim,
Germany) equipped with an AOBS, using a HCX PL APD 630«

{MNA:1.20) water objective. BFP was monitored with a Mai-Tai HP

multi-photon laser { Newport, Spectra Physics) at 760 nm for exci-

tation and emission was detected between 390 and 480 nm. GFP

and YFP were excited with an Ar laser wsing, respectively, the
488 nm and the 514 nm laser line. Emission was detected between
450 and 490 nm for GFP and between 520 and 600 am far YFP.

4.7, HV-1 induction and inhibition in cell lines

OM10.1 chronically infected cells in loganthmic growth were
washed twice (to remove cell-free virus), resuspended at
120,000 cellsfwell in fresh medium containing the test compounds
at the appropriate concentrations and stimulated with 1 ng/ml
THF-. After 48 hofincubation at 37 °C, the supernatants of the cell
cultures were callected to determine viral progeny virus, Viral p24
production was assessed by an HIV-1 p24 enzyme-linked immuno-
sorbent assay {PE, Brussels, Belgium). The same cell cultures were
used for 344,5-dimethylthiazol-2-y1}-2 5-diphenyltetrazolium bro-
mide (MTT) viability staining as previously described.

Inhibition of HIV virus production was monitored in HEK 293T.
Therefore 293T cells were transfected with NL,_; plasmid, a molec-
ular clone of HIV, using the calcium phosphate method and test
compounds were added at different concentrations, Twenty-four
hours after the addition of compounds, virus production in the
supernatants of the cells was monitored by virus-associated p24
Ag by enzyme-linked immunosorbent assay.
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