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Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de la
Decision 486 de la Comisiéon de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcidn: Radicado N° 14-171766-00000-0000 06/Agosto/2014
Reivindicaciones: Radicado N° 14-171766-00000-0000 06/Agosto/2014
Prioridad: US 61/584,214 06/Enero/2012

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porgque 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 la 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
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cubiertas por la tasa pagada. En el presente caso se estudiaran las reivindicaciones 1 a
19 del capitulo reivindicatorio (Radicado N°. 14-171766-00000-0000).

Titulo de la solicitud: “COMPUESTOS TERAPEUTICAMENTE ACTIVOS Y SUS
METODOS DE USQO".

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
compuestos inhibidores de la neoactividad de alfa hidroxilo de la isocitrato
deshidrogenasa 2 mitocondrial mutante (IDH2), Uutiles para tratar cancer.

Para resolver este problema técnico la solicitud en estudio proporciona compuestos de
la formula estructural | 0 una sal o hidrato farmacéuticamente aceptable de este:

N;\;N R!

H)LN)\Nkﬁi

El objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): A61K 31/53; A61P 35/00; CO7D 251/18 /[ 251/26

(1)

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

El objeto de las reivindicaciones 15 — 19 no es patentable de acuerdo con el Art citado.
Toda vez que se refieren a métodos de tratamiento.

5. Reivindicaciones relativas a un uso (Art 14 D 486)

El uso de la reivindicacion 14 no es patentable, de acuerdo con el Art 14. Puesto que
de acuerdo a la expresion “atil en el tratamiento del cancer” se caracteriza la
composicion reclama en términos de su uso.

6. De la solicitud de patente
Titulo

El titulo de la solicitud no corresponde con el objeto de la solicitud dado que se
menciona de forma general compuestos terapéuticamente activos, sin especificar
aguellos que hacen parte del objeto de la solicitud. Se sugiere modificar el titulo,
teniendo en cuenta que esta divulga y reclama compuestos derivados de 6-aril-[1, 3, 5]
triazina-2,4 diamina - que actian como inhibidores de IDH2.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

1- La reivindicacion 1 no es clara ni concisa porque:

e Los términos “arilo monociclico”, “heteroarilo monociclico”, “carbociclilo” 'y
“heterociclilo” son generales, por lo que no limitan la materia reclamada. Se
sugiere reemplazar dichos términos por definiciones concretas de los
sustituyentes Ay B.

e La expresion “opcionalmente sustituido” no es limitativa, por lo que no permiten
comprender los alcances de la materia reclamada. Se sugiere a la solicitante
eliminar este término del capitulo reivindicatorio. Lo mismo es aplicable a las
reivindicaciones 3 a 9.

e Se hace referencia a sales o hidratos de los compuestos reclamados, sin
embargo no se encuentra sustento para dichas modalidades en el capitulo
descriptivo. De esta forma se sugiere que sean eliminadas.

e Las condiciones establecidas dentro de los literales a — k, con las cuales se
realizan las limitaciones o “disclaimer’, son muy generales, por lo que es dificil
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comprender el objeto real que se desea proteger. Se sugiere hacer mas concisas
dichas limitaciones negativas, incluyendo por ejemplo los nombres de los
compuestos que no hacen parte del objeto de la solicitud.

2- La reivindicacion 9 no es clara porque a pesar de compartir las caracteristicas

técnicas esenciales de los compuestos de la reivindicacion 1, es decir a pesar de
reclamar el mismo conjunto de estructuras, es independiente de la misma. En este
orden de ideas se sugiere a la solicitante modificar las dependencias de dichas
reivindicaciones.

3- Las reivindicaciones 13 y 14 no son claras ni concisas ya que al reclamar

composiciones farmacéuticas es necesario definir la identidad de sus componentes
por medio de su nhombre IUPAC, Denominacion comun internacional o estructura, y
no de acuerdo a su funcién o actividad. En este orden de ideas términos como
“portador farmacéuticamente aceptable” y “agente terapéutico util en el tratamiento
del cancer” no son admisibles. Sin embargo, debido a que la descripcion no
presenta soporte para estas modalidades, debido a que no se demuestra el
desarrollo de composiciones que comprendan los compuestos reclamados y mucho
menos en las que se presente un segundo principio activo, se sugiere la eliminacion
de las reivindicaciones.

Las reivindicaciones 1 y 9 no son concisas porque las definiciones de A, A", B, B", R,
R?, R? R' R?y R*son géneros funcionales por lo que extienden la solicitud a una
gran variedad de compuestos que no se encuentran sustentados en la descripcion, se
sugiere restringir la solicitud a una razonable generalizacion del tipo de compuestos
gue han sido sintetizados ¢ probados, es decir, que se encuentran debidamente
sustentados.

Sustituciones Soporte de los ejemplos presentados
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CHjs, H, junto a R? forman ciclopropilo, ciclohexilo, ciclopentilo, ciclobutilo,

CSLD [0 e OF 7 Doon 7

R? o
93 Clan 7% 24 D B 3
N
’/@/, OHv/Q 1L 1&/ ) ) 1Junto
a R® forman C(=0)
CHGg, ciclopropilo, CFs, piridinilo, -O-CH(CHs)2, -CH,-CsHs, C(CHz)s, N(CHa)a,
-O-CH,CHs, -O-CH,CH(CHs)z, -O-CHs, -NHCH,CHs, -CH,C(OH)(CHs)2, O-CH,-
R? ciclopropilo, -CH,C(CHs),CH,OH, -CH(CH(CHs),)CH,OH, -CH,CH,OCH,CHs,
(0]
TG0
N, CHN_/
R3 H, CHa, 'CN

Descripcidén (Art 28 D 486)

La descripcidén no divulga de manera completa ni suficiente el objeto de la solicitud, de
tal manera que una persona versada en la materia pueda comprenderla y reproducirla,
dado que no presenta el desarrollo de composiciones que comprendan mas de un
principio activo, como se reclama en la reivindicacion 14.

Se sugiere a la solicitante hacer las aclaraciones necesarias.
7. Determinacion del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de presentacion de la

solicitud de prioridad: 06 de enero de 2012 y se encontraron los siguientes documentos
gue anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de Publicaciéon
D1 WO 2010144338 “Triazine derlvatlves_ an_d thszlr therapeutical 16/Diciembre/2010
applications
“Triazine derivatives, compositions
D2 WO 2008131547 containing such derivatives, and .methods of 06/Noviembre/2008
treatment of cancer and autoimmune
diseases using such derivatives”

Cui-Juan Wanga, “A novel ligand N,N’-di(2-pyridyl)-2,4-

et al. Polyhedron. | diamino-6-phenyl-1,3,5-triazine (dpdapt) and
D3 Volume 25, (1). its complexes: [Cu(dpdapt)CI2] and 02/Enero/2006

Pag. (195-202) [Cu(dpdapt)(NOs)(H20)] - NOs - H.0”

D4 JPH11158073 “Adenosine A3 antagonist” 15/Junio/1999

El documento D1! divulga agentes antitumorales que comprenden un derivado de
triazina férmula (1) o formula (1l) y sus sales farmacéuticamente aceptables, los cuales
son Utiles para el tratamiento de enfermedades como el cancer (Pag. 7, Parr. [0024]-
[0027]).

Lhttp:/iworldwide.espacenet.com/publicationDetails/originalDocument?
CC=WO&NR=2010144338A1&KC=A1&FT=D&ND=&date=20101216&DB=&&locale=en_EP
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El documento D2? divulga compuestos derlvados de triazina Utiles para el tratamiento
del cancer, o sus sales farmacéuticamente aceptables que presentan la formula: (Pag.
2).

HN /%\)r\nYH

oo NJ\N
X9 - N)LN)\N/Hn_@'R
H H

El documento D32 divulga la sintesis de un ligando de N, N’-di(2-piridil)-2,4-diamino-6-
fenil-1,3,5-triazina (dpdapt), y sus reacciones con CuCl, 2H,O and Cu(NOs), 8H,0 para
la produccion de dos formas cristalinas [Cu(dpdapt)Cl,] y [Cu(dpdapt)- (NO3s)(H20)] NOs
H.O, respectivamente (Pag. 195, Resumen).

El documento D4* divulga compuestos antagonistas del receptor de adenosina A3,
utiles para el tratamiento o profilaxis de enfermedades isquémicas (Resumen).

8. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

La reivindicacion 1 consiste en: “Un compuesto que tiene la formula | o una sal o
hidrato farmacéuticamente aceptable de este” (Radicado N°. 14-171766-00000-00000).

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

Caracteristicas esenciales D3
Un compuesto de férmula (1):
()
/;
NN
A
NN R1 HN’ NT TNH
(®) Ao, O
JU
(1) ~ =
(Pag. 196, N, N"-di(2-piridil)-2,4-diamino-6-fenil-
O una sal o hidrato farmacéuticamente aceptable del 1,3,5-triazina (dpdapt))
mismo
A es un arilo monociclico o heteroarilo monociclico Fenilo
de 5-6 miembros
el anillo B es un arilo monociclico o heteroarilo Piridinilo
monociclico de 5-6 miembros
R!y R? se toman juntos para formar un heteroarilo Piridinilo

Compuestos con las caracteristicas esenciales de la formula | de la reivindicacion 1
habian sido divulgados previamente en el documento D3, el cual da a conocer un
nuevo ligando de N, N’-di(2-piridil)-2,4-diamino-6-fenil-1,3,5-triazina (dpdapt) (Pag.
196).

2http://worldwide.espacenet.com/publicationDetails/originaIDocument;jsessionid:Vx3E32XfJ8aGegOhszIOEwmR.espacenet_levelx_pr
0d_3?CC=WO&NR=2008131547A1&KC=A1&FT=D&ND=&date=20081106&DB=&&locale=en_EP

3http://www.sciencedirect.com/science/articIe/pii/50277538705004973

4 http:/iworldwide.espacenet.com/publicationDetails/originalDocument?
CC=JP&NR=H11158073A&KC=A&FT=D&ND=&date=19990615&DB=&&locale=en_EP
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En consecuencia, la reivindicacion 1 no es nueva o carece de novedad, segun lo
divulgado en el documento D3.

Las reivindicaciones dependientes 6 - 8 no mencionan alguna caracteristica que haga
nuevos a los compuestos de la reivindicacion 1, por lo cual se considera que la materia
alli reclamada tampoco es nueva.

La reivindicacion 1 consiste en: “Un compuesto que tiene la férmula | o una sal o
hidrato farmacéuticamente aceptable de este” (Radicado N°. 14-171766-00000-00000).

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

Caracteristicas esenciales

Un compuesto de férmula (1):

NN R

RZ
N/"\N)\N R3
H H

O una sal o hidrato farmacéuticamente aceptable del
mismo

(I)

D4
CH, e,
d g
H]C’—F'<N ! N
z Y
NN
N\ NIN o
QN ST ©L [ 2 ’
N i NN e,
H H
H,
c1, &
Y HC N

(Péag. 25, Compuestos 27 - 30)

A es un arilo monociclico o heteroarilo monociclico
de 5-6 miembros

3,5 dimetil-tiazol-1il

el anillo B es un arilo monociclico o heteroarilo
monociclico de 5-6 miembros

Fenilo

R! es alquilo C;-C,4

CHs en los compuestos 28 y 29

RiesH

H en los compuestos 27, 28y 30

CHs en el compuesto 29

R? es alquilo C;-Cs

CHzen los compuestos 28 y 29

R! y R? se toman juntos para formar carbociclilo
(Reivindicacion 3)

-ciclopropilo en el compuesto 27,
-ciclohexilo en el compuesto 30

Compuestos con las caracteristicas esenciales de la formula | de la reivindicacion 1
habian sido divulgados previamente en el documento D4, el cual da a conocer
antagonistas del receptor de Adenosina A3 (Resumen; Pag. 25, Comp. 27 - 30).

En consecuencia, la reivindicacion 1 no es nueva o carece de novedad, segun lo
divulgado en el documento D4.

Las reivindicaciones dependientes 2 - 8 no mencionan alguna caracteristica que haga
nuevos a los compuestos de la reivindicacion 1, por lo cual se considera que la materia
alli reclamada tampoco es nueva.

Nivel inventivo (Art 18 D486)
La reivindicacion 9 consiste en: “Un compuesto que tiene la formula estructural Il o una

sal o hidrato farmacéuticamente aceptable de este (...)” (Radicado N°. 14-171766-
00000-00000).

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

D1

D2

Un compuesto de férmula (I1):

NN R
N)\N/)\NkRSa
H H (1)

O una sal o hidrato

farmacéuticamente aceptable del
mismo

R

Un compuesto de férmula
Ry

/L—/,B—\W N)\N
AL
ARAN A
@

(Pag. 136, Reivindicacién 1)
Donde

K se selecciona de un grupo que

incluye NR”

Compuestos de férmula

HN/e\)r\nYH

(Pag. 40, Reivindicacion 1)

A’ se selecciona de fenilo y
piridin-2 ilo

R! es H, halégeno, hidroxi,
amino, cianoalquilo, cicloalquilo,
alquenilo, alquinilo, alquiltio, arilo,
ariloalquilo, heterociclilo,
heteroarilo, heterocicloalquilo,
alquilsulfonilo, alcoxicarbonilo,
alquilcarbonilo

-NH-Fenilo sustituido por X
Donde X es F o Cl

pirimidin-5-ilo y pirazol-4-ilo

B}w
B’ se selecciona de piridin-3ilo, _/’_ h Fenilo sustituido por R, donde R
piridin-4ilo, isoxazol-4-ilo, A\ L es NH, OH, SO;NH,
isoxazol-3-ilo, tiazol-5-ilo, N SO:N(CH3)H, SO:N(CHs); 0

A, B, W se seleccionan de S, O,
NR* CR* o L-R3

CONH:;

-C(R*¥)(R*)(R*) se selecciona de
alquilo C;-Cs opcionalmente
sustituido por halo u -OH; -
(alquilenoCqy-C,)-cicloalquilo,
donde el alquileno esta
opcionalmente sustituido por
metilo y el cicloalquilo esta
opcionalmente sustituido por
halo, -OCH; o metilo;
heterociclilo saturado
opcionalmente sustituido por halo
0 metilo; -C(O)-0O-alquilo C;-Cs;
-C(O)-(alquileno Co-C,)-
ciclopropilo y C(O)-bencilo.

R? se selecciona de un grupo que
incluye amino, alquilamino,
arilamino, heteroarilamino, o
grupos de la formula la

\_|—/X_R6
Rs

(Ta)

LoN

mYH

YesNH, Oo0S
m es un integrante de 2 a 6

Comparacién de ejemplos especific

oS

N NN
¢ A
H H

Pag. 60, Ej. 313

Cl
NH >
< /3 /N N °N
I {

(Pag. 7, Compuesto XIlI)
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Caracteristicas esenciales D1 D2

PO
d SAH)\N)\N/\/N\

H
\ . (Pag. 38)
NARIVNN N ™
Pag. 62, Ej. 332 QNH N
/N N °N
O}_Q/H\N/LN)\N/\
H LNC
(Pag. 41)

El documento D1 se considera el estado de la técnica cercano a la solicitud definida en
la reivindicacion 9 porque divulga agentes antitumorales que comprenden un derivado
de triazina formula (1) o férmula (Il) y sus sales farmacéuticamente aceptables, los
cuales son utiles para el tratamiento de enfermedades como el cancer (Pag. 7, Parr.
[0024]-[0027]).

La diferencia entre los compuestos reclamados de acuerdo a la reivindicacion 9 y
aquellos divulgados por el documento D1, consiste en la estructura del sustituyente
arilo B, dado que en los compuestos reclamados corresponde a piridin-3ilo, piridin-4ilo,
isoxazol-4-ilo, isoxazol-3-ilo, tiazol-5-ilo, pirimidin-5-ilo y pirazol-4-ilo, es decir puede ser
un heteroarilo de 5 o 6 miembros, mientras que en los compuestos divulgados por el
documento D1 este es tiazolil u oxazolil, es decir siempre comprende 5 miembros.

El efecto técnico asociado a esta diferencia es consiste en que la actividad inhibitoria
del crecimiento celular ICso se encuentra comprendida entre <100nM y 10uM (Pag. 421,
lineas 2-6).

Por lo tanto, el problema técnico objetivo que pretende resolver la solicitud en estudio
se puede considerar asi: coOmo proporcionar compuestos derivados de triazina utiles
como agentes terapéuticos para el tratamiento del cancer.

Sin embargo, compuestos derivados de triazina que comprenden aminas sustituidas
por arilos de seis miembros, Utiles para el tratamiento del cancer, se encuentran
divulgados en el documento D2 (Pag. 2).

Por lo tanto, la persona del oficio normalmente versada en la materia, sustituiria el
anillo de cinco miembros sustituyente en el grupo amino en posicion 2 de los
compuestos del documento D1, por un arilo de seis miembros de acuerdo a lo
divulgado por D2, llegando asi al objeto de la reivindicacion 9, por lo que la materia alli
reclamada se considera obvia.

En consecuencia, la reivindicacion 9 de acuerdo a lo divulgado en los documentos D1 y
D2, carece de Nivel Inventivo.

Puesto que las reivindicaciones 10 a 14 no mencionan caracteristicas inventivas
adicionales, tampoco se pueden considerar inventivas.

Conclusion:

Las reivindicaciones 9 a 14 cumplen el requisito de novedad (Art. 16), pero no cumplen
con el requisito de nivel inventivo (Art. 18)
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9. Conclusioéon

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

item Documento Reivindicaciones afectadas Requisito que afecta

D1 WO 2010144338 9-14 Nivel Inventivo

D2 WO 2008131547 9-14 Nivel Inventivo

Cui-Juan Wanga, et al.
D3 Polyhedron. Volume 25, 1,6-8 Novedad
(1). Pag. (195-202)

D4 JPH11158073 1-8 Novedad
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Industria y Comercio p
SUPERINTENDENCIA :

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)
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El anterior requerimiento fue notificado por fijacion en lista, de fecha 2015-12-22
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Abstract

The novel ligand N,N’-di(2-pyridyl)-2,4-diamino-6-phenyl-1,3,5-triazine (dpdapt) has been synthesized and the reactions of
CuCl, - 2H,0 and Cu(NOs), - 8H,0O with the new ligand afforded two crystalline forms [Cu(dpdapt)Cl,] (1) and [Cu(dpdapt)-
(NO3)(H,0)]- NO3 - H,O (2), respectively. The molecular structures of 1 and 2 were established by single-crystal X-ray diffraction
studies. The copper(Il) atoms in complexes 1 and 2 are both five-coordinated in trigonal bipyramidal environments. In 1, antipar-
allel dimers construct a two-dimensional supramolecular architecture by m—=n stacking and hydrogen bonding, whereas 2 is con-
nected by the same interactions to form a three-dimensional supramolecular framework. Quantum chemical calculations have
been performed using Density Functional Theory (DFT) in order to gain some insight about the coordination behavior of dpdapt

and complex 1.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Novel ligand; Copper(11) complexes; Crystal structure; Supramolecular compounds; DFT studies

1. Introduction

The crystal engineering of coordination polymers and
supramolecular compounds has attracted considerable
current attention, not only because of their fascinating
structural diversities [1], but also for their potential
applications in optical, electrical, magnetic and biologi-
cal materials [2]. The design of suitable organic ligands is
one of the important roles in the synthetic strategies for
these polymers and supramolecular compounds [3]. The

* Corresponding author. Tel.: +86 29 88303097; fax: +86 29
88373398.
E-mail address: wyaoyu@nwu.edu.cn (Y.-Y. Wang).

0277-5387/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.poly.2005.06.061

modified 1,3,5-triazine ligand 2,4,6-tris(2-pyridyl)-1,3,5-
triazine (tpt) [4] and several transition-metal complexes
using the ligand tpt have been reported [5,6]. We have
synthesized a novel modified 1,3,5-triazine ligand,
N,N’-di(2-pyridyl)-2,4-diamino-6-phenyl-1,3,5-triazine
(dpdapt). The ligand dpdapt is a versatile ligand like tpt,
but with more diversity than 2,2,:6’,2"-terpyridine (tpy).
Dpdapt, which functions as a tridentate or a bis-biden-
tate ligand, has gained our interest because of its use
as a spacer for designing supramolecular complexes.
Thus, dpdapt has its own coordination feature and func-
tions primarily as a tridentate ligand (Scheme 1(a);
anti-anti-anti-anti) forming complexes of the general
type ([Cu(dpdapt)’"), as we described in this paper.
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Scheme 1. Coordination modes of the ligand dpdapt.

The second coordination mode as a bis-bidentate ligand,
including syn—syn—anti—anti (b) and syn—syn—syn—syn (c),
is shown in Scheme 1. DFT studies have been applied to
dpdapt. Theoretical calculations illuminate the coordi-
nation modes of the ligand.

Herein, we report the copper(Il) complexes with dpd-
apt as a tridentate ligand. The crystal structures of the
copper(Il) complexes with the all-anti conformation of
the chelating ligand are presented. Complex 1 consists
of dimeric units, doubly bridged by n—n stacking and
hydrogen bonding, thus forming an unusual 1-D ladder
structure. Complex 2 self-assembles into a 1-D chain by
hydrogen bonding and m—m stacking, and a 3-D layer
structure which is sustained via hydrogen bonds. We
also employed DFT studies to 1 and explained its coor-
dination behavior.

2. Experimental
2.1. Materials and physical measurements

Commercially available chemicals were reagent grade
and were used without further purification. Infrared
spectra on KBr pellets were recorded on a Nicolet
170SX FT-IR spectrophotometer in the range 4000-
400 cm~'. Elemental analyses were determined with a
Perkin—Elmer model 240C instrument. Electronic spec-
tra were recorded on a Cary 300 Bio UV-Vis spectro-
photometer. FAB-MS mass spectra were obtained with
a JEOL HX-110 HF double focusing spectrometer oper-
ating in the positive ion detection mode. Fluorescence
experiments used a HITACHI F-4500 Fluorescence
Spectrophotometer and were measured in methanol.

2.2. Synthesis of N,N'-di(2-pyridyl)-2,4-diamino-6-
phenyl-1,3,5-triazine (dpdapt)

2,4-Diamino-6-phenyl-1,3,5-triazine (5.0 g, 26.7
mmol), BuOK (14.3 g, 127.7 mmol) and tris(dibenzylide-
neacetone)dipalladium (Pd,(dba);) (2.0 g, 2.2 mmol)
were added to a 200 ml flask under nitrogen. Then 100
ml dry benzene and 2-bromopyridine (14 g, 13.5 ml,
88.6 mmol ) were injected into the former solid sequen-
tially also under nitrogen. The resulting solution was

stirred for 148 h under reflux. The product was filtered
and washed three times each with methanol and water.

Y

A,

N
‘ "2 ‘ 0 b f1 8h
HN N/ NH N/ BrBu K, benzene, reflux 14
2 > _

Dpdapt was obtained as a white powder in 64% yield
(5.8 g). Anal. Calc. for C;9H5N7: C, 66.86; H, 4.399; N,
28.74. Found: C, 66.87; H, 4.328; N, 28.56%. IR (KBr,
em ™ Y): v =3025(w), 2952(w), 1604(m), 1563(w), 1496-
(s), 1425(s), 1364(m), 1307(m), 1244(w), 1194(w),
1047(w), 989(m), 934(w), 770(s), 729(m), 693(w). MS
(FAB) m/z (%) 342.1 (dpdapt).

AN X sz(dbd)1

>:z

2.3. Synthesis of [Cu(dpdapt)CL] (1)

A green solution was obtained by adding a methanol
solution (10 ml) of CuCl, - 2H,O (34.1 mg, 0.20 mmol)
to a methanol suspension (15 ml) of dpdapt (75.0 mg,
0.22 mmol) and stirring for 4 h. Diffused in Et,O, after
filtering green needle-shaped crystals of 1 were pro-
duced. Yield: 56%. Anal. Calc. for [Cu(C19H5N7)Cl,]:C,
47.92; H, 3.152; N, 20.60. Found: C, 47.86; H, 3.185; N,
20.52%.

2.4. Synthesis of
[Cu(dpdapt) (NOs)(H>0)] - NOs - H>0 (2)

A suspension of Cu(NOs), 8H,O (53.9 mg, 0.2
mmol) in 10 ml water was allowed to react with dpdapt
(75.0 mg, 0.22 mmol) dissolved in 20 ml methanol. The
resulting mixture was stirred for 3 h and the product was
removed by filtration. After a few days, dark green crys-
tals were obtained by diffusion in Et,O. Yield: 48%.
Anal. Calc. for [Cu(dpdapt)(NO3)(H,0)]- NOs - H,O:
C, 40.36; H, 3.363; N, 22.30. Found: C, 40.46; H,
3.385; N, 22.52%.

2.5. Crystal structures determination

X-ray diffraction data were collected on a BRUKER
SMART APEX-II diffractometer using graphite-
monochromated Mo Ka radiation (4 =0.71073 A) for
complexes 1 and 2. The structures were solved by direct
methods [7]. Then the structures were refined by the
least-squares method using sHELxL-97 [8] with aniso-
tropic temperature factors for all non-H atoms. Crystal
data and structure refinement details are summarized in
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Table 1
Data collection and processing parameters for [Cu(dpdapt)Cl,] (1) and [Cu(dpdapt)(NO3)(H,0)]- NO; - H,O (2)
Complex 1 2
Empirical formula C19H15C12CUN7 C19H19CuNgOg
Formula weight 475.82 564.97
T (K) 273(2) 273(2)
A (A) 0.71073 0.71073
Crystal system monoclinic monoclinic
Space group P2,/c P2)/c
a(A) 8.374(2) 12.156(5)
b (A) 17.789(5) 8.708(3)
¢ (A) 12.647(4) 21.327(8)
B (°) 95.226(4) 92.847(6)
V(A?) 1876.3(9) 2255(1)
Z 4 4
Deare (g/cm?) 1.684 1.664
Absorption coefficient (nm™") 1.471 1.037
F000) 964 1156
Crystal size (mm?) 0.37x0.11 x0.07 0.29x0.13x0.08
0 Range for data collection (°) 1.98-29.22 1.91-29.17
Limiting indices —11<h<10, —16 <h <13,
-23< k<17, 11 <k <11,
—-17<I< 13 —27<1<27
Reflections collected 11889 13865
Independent reflections 4671 5559

Absorption correction

Maximum and minimum transmission

Refinement method
Data/restraints/parameters

semi-empirical

0.9040 and 0.6121

full-matrix least-squares on F~
4671/0/262

semi-empirical

0.9244 and 0.7557

full-matrix least-squares on F~
5559/0/364

Goodness-of-fit on F? 1.114 1.005

R, wR,® [I>20(1)] 0.0321, 0.0859 0.0378, 0.1007
R\*, wR," (all data) 0.0483, 0.0898 0.0605, 0.1082
Largest difference in peak and hole (e 10\’3) 0.334 and —0.505 0.400 and —0.614

" R =S| ~ [F/SIF| -
® wRy = [Y[w(F2 — F2)’)) S((F2)7) 2.

Table 1. Selected bond lengths and bond angles are
given in Table 2.

2.6. Computational details

The calculations were carried out using the GAUSSIAN-
03 program suite [9], including optimized geometries,
and calculation of vibrational frequencies were carried
out at the B3LYP [10,11] level of theory. Mulliken pop-
ulation analysis was also performed under this method.
We employed the 6-31G(d) basis set for H, C, N and Cl,
and the LANL2DZ effective core potential (ECP) set of
Hay and Wadt [12] for Cu. All of the results (structures
and energies) from the DFT calculations are available as
electronic supplementary information.

3. Results and discussion
3.1. Description of structures
The crystal structure of complex 1 reveals that the

coordination geometry around the copper(Il) atom is a
distorted trigonal bipyramid with the dpdapt ligand

existing in an all-anti configuration. The Cu(1) atom is
coordinated by three nitrogen atoms (N(3) of triazine
and N(5), N(1) of different pyridyls) with two additional
chloride atoms resulting in five-coordinated geometry
(Fig. 1). The Cu(1)-N(3) distance is 2.024(2) A and
the distance to the pyridyl donors N(5) and N(1) are
2.079(2) and 2.066(2) A, respectively. The distance of
Cu(1)-Cl(2) is 2.288(1) A whereas Cu(1)-CI(1) forms a
long bond with a distance of 2.424(1) A. The average
Cu-N bond length is observed to be 2.056 A while
the average Cu—Cl bond length is 2.356 A. The bond
angles N(1)-Cu(1)-N(5) (124.53(7)°), N(5)-Cu(1)-CI(1)
(113.66(5)°) and N(1)-Cu(1)-CI(1) (120.32(5)°) sum up
approximately to 360° and the angle N(3)-Cu(1)-Cl(2)
(177.41(5)°) is approximately 180°, so the coordinated
geometry of Cu(Il) may be described as distorted trigo-
nal bipyramidal with Cu(1), N(1), N(5) and CI(1) form-
ing the equatorial plane and CI(2), N(3) occupying the
axial positions. The dihedral angle between the plane
(Cu(1), N(1), N(5), CI(1)) and the triazine plane is 86.7°.

Two molecules of 1 form an antiparallel dimer struc-
ture as a result of two N-H---Cl hydrogen bonds
(CI(1A)---N(4B) 3.258 A, N(4A)---CI(1B ) 3.258 A)
which are symmetry related, then each dimer is linked
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Selected bond lengths (A) and bond angles (°) of Cu(dpdapt)Cl, (1) and [Cu(dpdapt)(NO;)(H,0)]- NO;5 - H,O (2)

Cu(dpdapt)Cl, (1)

[Cu(dpdapt)(NO5)(H,0)] - NO; - H,O (2)

Experimental Optimized Experimental
Bond lengths
Cu(1)-N(3) 2.024(2) 2.095 u(l)- N(3) 2.018(2)
Cu(1)-N(1) 2.066(2) 2.175 Cu(l) N(1 1.974(2)
Cu(1)-N(5) 2.079(2) 2.246 u(l)- N(S) 1.980(2)
Cu(1)-CI(1) 2.4243(8) 2.363 u(1)-0(5) 2.114(3)
Cu(l)—Cl(2) 2.2878(7) 2.333 Cu (1)-O(7) 2.225(2)
N(1)-C(1 1.351(3) 1.360 N(9)-0O(5) 1.197(4)
N(1)-C(5 ) 1.335(3) 1.351 N(8)-0O(1) 1.250(3)
N(3)-C(8) 1.364(2) 1.362 N(1)-C(1) 1.358(3)
N(3)-C(6) 1.346(2) 1.358 N(1)-C(5) 1.337(3)
N(5)-C(15) 1.331(2) 1.348 N(3)-C(6) 1.359(3)
N(5)-C(19) 1.351(3) 1.359 N(3)-C(8) 1.364(3)
N(6)-C(7) 1.346(2) 1.355 N(5)-C(9) 1.341(3)
N(7)-C(8) 1.326(2) 1.352 N(5)-C(13) 1.365(3)
Bond angles
N(3)-Cu(1)-N(1) 86.93(7) 84.74 N(1)-Cu(1)-N(5) 170.03(7)
N(3)-Cu(1)-N(5) 87.79(7) 84.33 N(1)-Cu(1)-N(3) 92.90(7)
N(1)-Cu(1)-N(5) 124.53(7) 122.56 N(5)-Cu(1)-N(3) 93.63(7)
N(1)-Cu(1)-CI(1) 120.32(5) 123.77 N(1)-Cu(1)-0O(5) 88.40(9)
N(5)-Cu(1)-CI(1) 113.66(5) 111.44 N(5)-Cu(1)-O(5) 89.65(9)
N(5) Cu(l) Cl(2) 94.13(5) 94.28 N(3)-Cu(1)-0(5) 150.3(1)
N(1)-Cu(1)-Cl(2) 93.39(5) 92.41 1)-Cu(1)-0O(7) 83.58(8)
N(3)~ Cu(l) Cl(2) 177.41(5) 180.0 N(3)-Cu(1)-0O(7) 116.54(7)
N(3)-Cu(1)-CI(1) 82.94(5) 86.16 N(5)-Cu(1)-0O(7) 86.76(8)
CI(2)-Cu(1)-CI(1) 94.69(3) 98.05 O(5)-Cu(1)-O(7) 93.10(1)
Hydrogen bonds
N(2)-H(2A)- - -Cl(2)#1 3.588 N(2)-H(2)- - -O(4)#4 3.051
N(4)-H(4A)- - -Cl(1)#2 3.258 O(7)- H(7A) -O(1) 2.815
C(4)-H(4)- - -CI(1)#3 3.405 C(12)-H(12)---O(2)#4 3.205

Symmetry codes: #1: 1/2+x, 1/2 -y, —1/2+z; #2: —x, 1 — y,

Ci2)

Fig. 1. The ORTEP drawing of Cu(dpdapt)Cl; (2). Thermal ellipsoids
are drawn at the 50% probability level. Hydrogen atoms are omitted
for clarity.

—z#3: 1+x,p, 8#4 x, -1+, z.

by face to face m—m stacking (3.461 A) (between the
triazine rings of two neighboring dimers) and two weak
hydrogen bonds interactions (Cl---H-C 3.405 A)
forming a 1-D supramolecular ladder structure along
the c-axis (Fig. 2). The structural characterization of
such hydrogen-bonded dimeric structures linked by
self-complementary donor/accepter groups is scarce for
metal organic framework [13]. On the other hand, the
1-D supramolecular stacking in the ab-plane using
N(2)-H- - -CI(2) hydrogen bonds, thereby gives rise to
a 2-D layer structure (Fig. 3).

Complex 2 has the same coordination configuration
as 1. The Cu(1) atom sits in a five-coordinated environ-
ment composed of three nitrogen donors (N(3) of tri-
azine and N(5), N(1) of different pyridyls) with two
different oxygen atoms, one (O(7)) from a water mole-
cule, the other (O(5)) from a nitrate anion (Fig. 4).
The bond distance to the terminal triazine N(3),
(Cu(1)-N(3)) is 2.018(2) A and the distance to the pyr-
idyl donors N(5) (Cu(1)-N(5)) and N(1) (Cu(1)-N(1))
are 1.980(2) and 1.974(2) A, respectively. The average
Cu-N bond length is observed to be 1.990 A, which is
shorter than that of 1. Both Cu—N bond lengths are typ-
ical of those found for the five—coordinate Cu(II)-p-
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Fig. 2. The one-dimensional ladder structure of [Cu(dpdapt)Cl,] (1) formed by hydrogen-bonding interactions (dashed lines) and n—= stacking along

the c-axis. Some hydrogen atoms are omitted for clarity.

Fig. 3. The layer structure of [Cu(dpdapt)Cl,] (1).

pmea analogues [14]. The Cu(1)-O(7) distance is
2.225(2) A and Cu(1)-O(5) is 2.114(3) A. The coordina-
tion geometry of Cu(1) is also distorted trigonal bipyra-
midal with O(7), N(3), Cu(1) and O(5) in the equatorial
plane and the apical sites are occupied by the N(1) and
N(5) atoms of the pyridyl rings. The dihedral angle be-
tween the plane (Cu(1), O(5), O(7), N(3)) and the tri-
azine ring plane is 85.8°.

The crystal framework testifies a one-dimensional
chain along the b-axis with hydrogen bonds and m—n
stacking interactions. As depicted in Fig. 5, the one-
dimensional chains along the b-axis are formed by three
different types of hydrogen bonds involving the coordi-
nated molecular water, the coordinated nitrate anion
and the non-coordinated nitrate anion (N(2A)-
H---O(4B), 3.051 A; O(7A)-H:--O(1A), 2.815 A;
C(12B)-H---O(2A), 3.201 A) as well as n-m stacking
(3.345 A) between the phenyl and pyridyl rings of two
neighboring molecules. Moreover, the crystal structure

consists of alternate layers with an antiparallel align-
ment of the molecules, and each layer is built up via sol-
vent molecular interactions and hydrogen bonds in the
ac-plane as shown in Fig. 6. The adjacent layers are
interconnected by solvent molecules, resulting in a 3-D
structure.

Although the structures of 1 and 2 exhibit the coordi-
nation character of dpdapt in part, the framework struc-
tures of 1 and 2 are scarce for inorganic triazine
compounds. To the best of our knowledge, only one di-
meric unit of a transition-metal complex based on tpt
has been reported [6a], but no n—n interactions were dis-
cussed. Additionally, the ladder and layer frameworks
of 1 and 2 are exclusive and structures of this type con-
taining tpt have not been reported to date. The coordi-
nation of one metal ion, especially Cu(Il), to tpt
induces the hydrolysis of tpt [5,6]. Dinuclear metal com-
plexes of tpt have also been described [6]. Although tpt
has a more versatile coordination ability [6b] than
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Fig. 4. Molecular structure of [Cu(dpdapt)(NO;)(H,0)]- NOs - H,O
(2) Thermal ellipsoids represent the 50% probability surfaces. Hydro-
gen atoms are omitted for clarity.

dpdapt, in theory, the dpdapt ligand has its intriguing
character revealed in this article.

3.2. Spectroscopic properties

The IR spectra of the complexes exhibit several char-
acteristic strong bands. In complex 1, the bands around
1425 and 1496 cm ! in the ligand dpdapt, attributed to
the C=N groups, are shifted to 1464 and 1570 cm ',
respectively, confirming the involvement of dpdapt in
the copper complexation. In complex 2, the correspond-
ing bands are shifted to 1580 and 1640 cm~'. The bands
corresponding to NO, ™ are at 1421, 1382, 1022 and 775
cm ™! and the broad band at 3290-3421 cm ™! represents
the existence of v(H,O) in complex 2.

Fig. 6. Layer framework of [Cu(dpdapt)(NO3)(H,0)]- NO;s - H,O (2)
in the ac-plane.

The UV-Vis spectra of the complexes are recorded in
methanol and are characterised by several spectral re-
gions. The absorption bands in the region of 260 and
285 nm for the ligand dpdapt are ligand-centered (LC)
due to m—n* transitions [15,16]. The shoulder at 300
nm for complexes 1 and 2 is due to a d-d transition
and the low-energy bands at 341, 384 and 389 nm are
assigned to metal-to-ligand charge transfer (MLCT)
transitions [17,18].

The luminescence data were recorded in methanol at
room temperature. The excitation—emission spectrum of
dpdapt shows the strongest emission peak at 375.4 nm
with the excitation peak at 330.0 nm. The emission band
of dpdapt is attributed to the mw*-n transitions. The
strongest excitation peak for complex 1 is at 310.0 nm
and for complex 2 at 300.0 nm, and their emission spec-
tra show a main strong peak at 413.6 and 438.0 nm,
respectively. These shoulder peaks of the emission spec-
tra are probably due to the ligand-to-metal charge-
transfer (LMCT) bands [19]. The strong fluorescent
emissions of the dpdapt supramolecular complexes 1

Fig. 5. The one-dimensional chain structure of [Cu(dpdapt)(NO3)(H,0)]- NO; - H,O (2) formed by hydrogen-bonding interactions (dashed lines)
and n—7 stacking along the b-axis. Some hydrogen atoms are omitted for clarity.
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and 2 make them potentially useful photoactive
materials.

3.3. Computational results and discussion

DFT calculations (B3LYP/6-31G(d)) have been car-
ried out for the coordination conformations of dpdapt,
and the optimized structures (verified by calculating
the vibrational frequencies that result in the absence of
imaginary eigenvalues) are shown in Fig. 7. The relative
energies of each conformation given in this article in-
clude zero-point corrections (ZPE). E_.iianii-anti-anis
Es‘yn—syn—anti—anli and Es‘yn—syn—syn—.vyn equal —11 156987499
—1115.700689 and —1115.699802 hartree, respectively.
It is found that the energies of the conformers are simi-
lar, while the syn—syn—anti-anti conformer is the most
stable by 5.09-2.33 kJ mol~'. Complexes 1 and 2 exist
with the ligand in the all-anti conformation. Clearly
the free ligand, with its preferred syn—syn—anti-anti con-
formation, does not effect the conformation change in 1
and 2 because of its minimal energy difference.

Optimized geometries for 1 were verified by perform-
ing a frequency calculation. The optimized bond lengths
and angles are presented in Table 2. In general, the calcu-
lated bond lengths and angles are in agreement with exper-
imental crystal data and the large differences (~0.2 A, ~3°)
may be noticed for deviations around the central copper
atoms. The deviations come mainly from two factors:
one is that the theoretical calculations do not consider
the effects of chemical environment (the complex is trea-
ted as a free molecule), and basis sets are still approximate
to a certain extent. However, the coordination geometry
of Cu(II) is also a distorted trigonal bipyramid. The bond
angles N(1)-Cu(1)-N(5) (121.56°), N(5)-Cu(1)-CI(1)
(111.44°) and N(1)-Cu(1)-CI(1) (124.77°) sum up
approximately to 360° and the angle N(3)-Cu(1)-Cl(2)
is 180°. So the results should be significant in computa-
tions of this large system.

The overlap populations (Table 3) between Cu(1) and
CI(1) (0.2663) is stronger than that of Cu(1)-Cl(2)
(0.2275), which is consistent with the experimental result
that the bond length of Cu(1)-Cl(2) is clearly longer

a. anti-anti-anti-anti

b. syn-syn-anti-anti

Table 3

Population analysis of 1

Bond

Cu(1)-CI(1) 0.2663
Cu(1)-C1(2) 0.2275
Cu(1)-N(3) 0.1236
Cu(1)-N(1) 0.1123
Cu(1)-N(5) 0.1065
N(3)-C(6) 0.2716
N(3)-C(8) 0.2790
N(6)-C(7) 0.3589
N(7)-C(8) 0.4484

than that of Cu(1)-CI(1). The bond intensity order is
Cu(1)-N(3) > Cu(1)-N(1) > Cu(1)-N(5) in accord with
that in the experimental results (Cu(1)-N(5)> Cu(1)-
N(1) > Cu(1)-N(3)). Because N(3) is coordinated to
the center Cu atom, the populations of N(3)-C(6) and
N(3)-C(8) are less than that of N(6)-C(7) and N(7)-
C(8).

The Mulliken charge of the central Cu metal (Table 4)
changes from +2 to 0.275. Obviously, Cu has been coor-
dinated by the ligand and its charge transfers to the li-
gand. The net atomic charge of the coordinated CI(1),
CI(2), N(1), N(3) and N(5) atoms are negative. Com-
pared to the dpdapt ligand (N(1), —0.259; N(3) and
N(5), —0.438; N(6) and N(7), —0.353), the change in
the charge distribution value of the donor nitrogen
atoms (N(1), N(3), N(5)) are more than that of the
non-coordinated nitrogen atoms (IN(6), N(7)) in triazine.

Table 4

Mulliken atomic charges (e) for 1

Atom Charge
Cu(l) 0.275
Cl(1) —0.397
Cl(2) —0.383
N(3) —0.498
N(5) —0.518
N(1) —0.545
N(6) —0.432
N(7) —0.437

C. Syn-syn-syn-syn

Fig. 7. Optimized structures of dpdapt’s coordination conformations.
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Table 5
The energy (eV) and character of the selected molecular orbitals with o
spins for 1

Orbital Energy Character

HOMO -3 —6.126 n(Cu—Cl), n(Cl)
HOMO -2 —5.711 d..(Cu), n(Cl)
HOMO - 1 —5.472 d,-(Cu), n(Cl)
HOMO —5.364 dy,(Cu), n(Cl)
LUMO —3.096 n*(dpdapt), d,(Cu)
LUMO + 1 —1.989 n*(dpdapt)

LUMO +2 —1.686 n*(dpdapt), d,(Cu)
LUMO + 3 —1.600 d.>(Cu)-o(Cl)

All this data show strong complexation between Cu and
its coordinated atoms.

The energies and characters of the selected MOs for 1
are presented in Table 5. According to molecular orbital
theory, the frontier orbital and nearby molecular orbi-
tals are the most important factors to the activity. The
highest occupied molecular orbital (HOMO) and the
nearby occupied molecular orbitals are prone to donate
electrons, but the lowest unoccupied molecular orbital
(LUMO) and the nearby unoccupied orbitals are prone
to accept electrons. The more different the frontier orbi-
tals are, the more stable the molecular structure is [20].
The copper d, atomic orbitals (d,.,d,. and d,,) and =
orbitals of the chlorine atoms make the main contribu-
tions into the HOMO — 2 , HOMO — 1 and HOMO.
The LUMO orbital has predominantly n*(dpdapt) char-
acter. The results approved its coordination behavior
and the value of AFE (AE: Erumo — EHOMO) s 2.268
eV, which shows that the complex 1 can exist stably.

Appendix A. Supplementary data

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic
Data Centre, CCDC No. 260645 for compound 1 and
260646 for compound 2. Copies of this information
may be obtained free of charge on application to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: +44 1223 336 033; e-mail: deposit@ccdc.cam.ac.uk
or www: http://www.ccdc.cam.ac.uk). Supplementary
data associated with this article can be found, in the
online version at doi:10.1016/j.poly.2005.06.061.
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