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SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
E. S. D.

REF: Expediente 08-002-341

TiTULO SOLICITADO: SALES METALICAS DE 2'-(1H-TETRAZOL-5-1L)-1,1"-
BIFENIL-4-CARBOXALDEHIDO.

PUBLICACION: Gaceta 590 de 31 de Marzo de 2008, N° de

publicacion 191.

PRIORIDAD: GB 0514206.2 de 11/07/2005
SOLICITANTE: NOVARTIS AG

APODERADO: CARLOS R. OLARTE

TRAMITE: PRESENTACION DE OPOSICION

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional numero 44655
del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la
sociedad TECNOQUIMICAS S.A., en ejercicio de lo dispuesto por el articulo 42 de

la Decision 486 de 2000, muy respetuosamente me permito formular la siguiente
1. PETICION

Sirvase negar el beneficio patentaric a la solicitud contenida en el expediente 08
002.341, por no cumplir con lo dispuesto por los articulos 14, 16 y 18 de la
Decision 486 de 2000, con base en los fundamentos que se expondran a

continuacion.

Carrera 17 No. 88-23 Of. 205 Tels.: +57 1 655 7795, +57 1 621 2631, Fax: +57 1 621 2542
info@reyes-abogados.com - www.reyes-abogados.com - Bogota, Colombia.
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Il. LEGITIMO INTERES

Asiste a TECNOQUIMICAS S.A., legitimo interés para presentar esta oposicion,
pues la eventual concesion de la solicitud restringiria injustificadamente el empleo
de ciertas sustancias, derivados y procesos que a ntfst/r/o juicio carecen de nii//el
inventivo, en detrimento de sus legitimos intereses comerciales. De igual manera
mis clientes estan interesados, por su misma condicidbn de industrias
farmaceéuticas, en evitar la concesion de privilegios de patente que incumplan los
requisitos materiales de patentabilidad establecidos en las normas vigentes, y que

supongan un riesgo para la libre competencia.

. FUNDAMENTOS DE LA OPOSICION

La solicitud en curso, que se refiere a un proceso de sintesis de agentes para
bajar la presion arterial, tales como Valsartan y novedosos intermediarios que se
involucran en esta sintesis, carece por completo de los requisitos fundamentales
para otorgarsele el privilegio de patente de invencién, tal y como lo demuestran los

siguientes argumentos:

3.1. Cualquier persona medianamente versada en la materia, reconoce que la
primera definicion de acido y base fue acufiada en la década de 1880 por
Savane Arrhenius quien los definid como substancias que pueden donar
protones (H+) o iones hidroxido (OH-) respectivamente. Una definicién mas
general fue propuesta en 1923 por Johannes Bronsted y Thomas Lowry
quienes enunciaron que una sustancia acida es aquella que puede donar
H+, y definieron a una base como una sustancia que puede aceptar
protones. Finalmente, una definicion mas completa de acidos y bases fue
propuesta por Gilbert Lewis quien describié que un acido es una sustancia
que puede aceptar un par de electrones y una base es aquella que puede
donar ese par. Asi mismo las reacciones entre acidos y bases
(denominadas reacciones de neutralizacidon) son reacciones descritas
ampliamente y conforman un conjunto de reacciones sencillas cuyos
resultados estan sujetos a los valores de pKa que manejen los reactivos
correspondientes, reactivos que se pueden ciasificar como acidos fuertes y

débiles, y bases fuertes o débiles.



3.2

De igual manera, también es ampliamente sabido que, las sales son
compuestos que estan formados por un metal (cation) mas un radical
(anién), que se obtiene de la disociacion de los acidos, es decir, cuando se
rompe el enlace covalente liberando protones (H+), el radical adquiere la
carga negativa segun el nimero de protones liberado, luego, el metal se

une al radical por medio de enlace i6nico.

En el caso de la solicitud colombiana en tramite, la reaccién entre la
solucion del compuesto de férmula (1) (anidbn) con el material que
proporciona cationes de la reivindicacion 1, se ajustan a las caracteristicas
ampliamente conocidas de este tipo de reacciones acido-base, por lo cual,
el método de obtencion de sales del intermediario de dicha solicitud en

tramite carece irrefutablemente de nivel inventivo.

Por su parte, la publicacion internacional WO 2004/026847 publicada el 01
de abril de 2004 y titulada “PROCESS FOR THE MANUFACTURE OF
VALSARTAN" revela:

The present invention relates to a process for the manufacture of an angiotensin receptor

blocket (ARB; afso called angiotension I} receptor antagonist or AT, receptor antagonist} and

salts thereof, to novel intermediates and process steps. ARBs can, for example, be used for

the treatment of hypertension and related diseases and conditions. (..)

The formation of the letrazole ring is a critical step in the manufacture of these cornpounds.
Methods for the manufacture of ARBs having this structural feature include the formation of
said tetrazole ring by startiﬁg from corresponding cyano derivatives that react with HN; or a
suitable alkali metal salt thereof such as sodium azide or with an organotin azide such as
tributyitin azide or with a silyl azide. The use of azides for forming the tetrazol ring system
requires a sophisticated system to'run the reaction in a safe way during an up-scaled
production process. Accordingly; an objective is to develop alternative process variants that
exclude the use of azides in the last steps of the production of corresponding ARBs.



The present invention relates to a process for the manufacture of the compound of formula

M

{a)

?%%fg wherein R, is hydrogen.or a-tetrazole protecting group, with a compound-of:

formula

lib
w N c(hirg:‘

or a salt thereof, wherein R, represents hydrogen or a carboxy protecting group, under the
canditions of a reductive amination; and
(b} acylating a resulting compound of formula (Il ¢}

OR,

(i)

chiral

,N
£\
Ri

or a salt thereof with a compound of formula (}i d)



\/\/ﬁ\ (11d)
R3
(..)

The reactions described above and below in the variants are carried out, for example, in the
absence or, customarily, in the presence of a suitable solvent or diluent or a mixture thereof,

the reaction, as required, being carried out with cocling, at room temperature or with’

warming, for example in a temperature range from about -80°C up to the boiling point of the
reaction mediurm, preferably from about -10°C to about +200°C, and, if necessary, in a

closed vessel, under prassure, in an inert gas atmosphere and/or under anhydrous

conditions. (...)

Step (a):
In reaction Step (a), the reductive amination is carred out in the presence of a reducing- -
agent. A suitable reducing agent is a borohydride, which may also be in a complexed form,

or hydrogen or a hydrogen donor both in the presence of a hydrogenation catalyst.
Furthermore, a reducing agent is a suitable selenide or a silane.

(...}
Example 2:

This example can be illustrated by means of the following reaction scheme:

: H,»):ddbéti;bﬁ

—_—

NaBH, / Baso / E1OH

En esta anterioridad, se revela claramente tanto los mismos intermediarios
utilizados por la solicitud colombiana en tramite para la obtencién de
Valsartan, asi como se ven involucrados los mismos tipos de reacciones,
especificando ademas lo referido a diversas condiciones de reaccion vy

diferentes reactivos que pueden ser aplicables al caso.



3.3.

También es importante destacar que si bien es cierto no se demuestra
detalladamente la obtencion de las sales del compuesto (lla) de la
anterioridad en mencién, si se hace mencién de manera general a las sales
de dicho compuesto (ver recuadre rosado mas arriba), ademas, es bastante
claro para cualquier persona medianamente versada en la materia como se

forma una sal.

En consecuencia, todo lo consignade hasta el momento permite desvirtuar
de manera irrefutable, al menos el nivel inventivo del proceso de sintesis
consignado en el capitulo reivindicatorio de dicha solicitud colombiana en

discusion.

La publicacion internacional WO 2005/014602 publicada el 17 de febrero de
2005 vy titulada “PROCESS FOR THE PREPARATION OF TETRAZOLE
DERIVATIVES FROM ORGANO BORON AND ORGANO ALUMINIUM
AZIDES” revela un método para preparar tetrazoles sustituidos mediante
distintas reacciones, los cuales son utiles como bloqueadores del receptor
de angiotensina (ARBs).

La reivindicacién 9 de la solicitud cclombiana en tramite carece de novedad
y nivel inventivo si se tiene en cuenta que la WO 05/014602 en mencién

revela:

WO 05/014602 CO 08-002-341

Rv 6:

Rv 9:

Fabricacion del compuesto de formula (VI) | Fabricar un compuesto de férmula (1)

que comprende la oxidacion del compuesto | Mediante la oxidacion de un compuesto
de formula (VI ¢); hidroximetilo de formula (Il):




WO 05/014602

CO 08-002-3M1

Mcky  posterior

aislamiento del compuesto resultante (VI)

; hasta un

compuesto de férmula (I)

La reivindicacion 10 de la solicitud colombiana en tramite carece de novedad y

nivel inventivo si se tiene en cuenta que la WO 05/014602 en mencion revela:

WO 05/014602

CO 08-002-341

Rv 5:
Proceso para la fabricacion del compuesto
de formula (VI) mediante la reaccion de un

compuesto de formula (Vb)

con una azida de férmula:
(R1) (R2)-M-N3 (lIb)

M= Boro, Aluminio

Resultando en un compuesto de férmula (VI

c);

el cual se oxida y permite obtener el

compuesto de férmula (VI)

Rv 10:
Un proceso segun la Rv 9 el

comprende ademas formar un compuesto

cual

de formula (II) como se da en la Rv9,

mediante la reaccién de un cianuro de

férmula (1)

con una azida de férmula:
(R1) (R2)-M-N3

M= Boro, Aluminio

Para dar un compuesto de formula (Il)

que se oxida y permite obtener el

compuesto de formula (1)




WO 05/014602 CO 08-002-341
N—N M

3.4.

Esta antericridad revela de manera muy clara la obtencién de los mismos
intermediarios del proceso de sintesis de la solicitud colombiana,
especificamente en lo que se refiere al intermediario de formula (1), el
intermediario de formula (1) y la reaccién tipo cicloadicién [2+3] entre los
compuestos de férmula (Ill) y una azida de formula (R1)(R2)-M-N3 con lo
cual, se desvirtlla en estos puntos la novedad y si esto no fuera posible,
entonces es claro que la solicitud en tramite carece de nivel inventivo
puesto que se emplean dichos intermediarios en la obtencion de
compuestos relacionados a Valsartan y se mencionan los mismos tipos de
reaccion entre dichos intermediarios, especificamente en lo que se refiere a
la oxidacion de un alcohol primario del mismo tipo que el del compuesto de
formula (I11) y la obtencién del anillo de tetrazo! a partir de un compuesto de

nitrilo y una azida.

Para terminar y en forma muy general, el proceso de obtencion de
Valsartan que describe la solicitud colombiana en tramite, puede resumirse
en:

* Una primera reaccion (que llamaremos reaccion A) entre el compuesto

de férmula (1)
H
H
e

que da como resultado un compuesto de formula (1)

N
I
c

O y un compuesto tipo azida de la férmula (R1)(R2)-M-N3,

/2




J 1

H

H N

H N_ N

HO .;
que posteriormente se oxida (la llamaremos Reaccién

B) a un compuesto de formula (1)
H nj-"' \
N
T

H
N
N
O del cual se forma la sal de la formula (lA)

_ &) n+
. P‘"Ne [Kat)

T
N
O

compuesto de férmula (V)
H

ORz,
H,N
C
NN

\‘://

Rz,0.__ NN
1\ﬂ/\N g
H

O

i que, posteriormente reacciona con el

-

—Jn (Reaccion C), para después reaccionar con el

(Reaccion D) para obtener asi el compuesto de formula (V)

compuesto de férmula (V1)

0
HSC\/\)J\RZZ
(Reaccidon E); para finalmente obtener el compuesto
de formula (VII)

(Valsartan).



Todas estas reacciones son reacciones sencillas descritas en el estado de
la técnica y reconocidas por cualquier persona medianamente versada en la

materia y/o dedicada a la sintesis quimica.

Por ejemplo la reaccién A es un clasico y reconocido método de reaccion
de cicloadicion [2 + 3] entre un compuesto organico de tipo azida (R-N3) y

un compuesto organico de tipo nitrilo (R-CN) de la forma:

I i + ;“ + TS 1 .5-tetrazole
NC fl ’H'
R (=1 N
\\ N‘ - \ N — N\
| N | N
N 4 )\ @
- I,
[
TS2 2. 5-tetrazole

Que como se puede apreciar claramente, es el mismo tipo de reaccién que

se tiene en la reaccion A descrita en la solicitud colombiana:

Las caracteristicas fundamentales, tales como las condiciones Optimas de
reaccion, los mecanismos de reaccion y las variantes, como la
estereoquimica resultante y los posibles isdmeros que pueden resultar de la
reaccidn entre los diversos compuestos azidicos y nitrilicos para formar

tetrazoles, se encuentran ampliamente documentadas en publicaciones de

JL



caracter cientifico tales como “Novel Synthesis of 5-Substituted-
Tetrazoles'”; “Why Is Tetrazole Formation by Addition of Azide to Organic
Nitriles Catalyzed by Zinc(ll) Salts??” y “Mechanisms of Tetrazole Formation
by Addition of Azide to Nitriles™

Por su parte la reaccién B es una simple y coman reaccion de oxidacion de
alcoholes, que como cualquier persona medianamente versada en la
materia reconoce, implica la pérdida de uno o mas hidrégenos del
carbono que sustenta el grupo hidroxilo. El tipo de producto que se
genera depende del numero de estos hidrogenos que tiene el alcohol,
es decir, si es primario secundario o terciario; un alcohol primario como
en el caso del compuesto de formuia (ll) de la solicitud colombiana
contiene dos hidrégenos de este tipo, de modo que puede perder uno

de ellos para dar un aldehido:

i i
R—CI:—OH R—C=0
H Un aldehido

Un alcohol 1°

Alcoho! 1° Aldehido

(Solicitud colombiana en tramite)

Agentes oxidantes empleados para este tipo de reacciones siempre han
estado disponibles para el quimico organico; al igual que con todos los
métodos sintéticos, el interés de este tipo de reacciones se centra en el
desarrollo de reactivos altamente selectivos que operen solo sobre un
grupo funcional de una molécula compleja sin afectar a otros grupos

funcionales que pudieran estar presentes.

"KOGURO K. ; OGA T. ; MITSUI S. ; ORITA R. ; Synthesis ISSN 0039-7881 CODEN SYNTRBF; 1998,
no6, pp. 910-914 [5 page(s) (article)} INIST-CNRS, Cote INIST : 14694, 35400007661649.0210.

? Fahmi Himo, Zachary P. Demko, Louis Noodleman, and K. Barry Sharpless. J. AM. CHEM. SOC. 2003,
125, 9983-9987. :

* Fahmi Himo, Zachary P. Demko, Louis Noodleman, and K. Barry Sharpless. J. AM. CHEM. SOC. 2002,
124, 12210-12216.

'3
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Es asi que, de los numerosas reactivos que se pueden utilizar para oxidar
alcoholes, podemos considerar los mas comunes aquellos que contienen
Mn (VI) o Cr (VI), entre estos, el manganeso heptavalente en la forma de
permanganato de potasio, KMnO4; también se utiliza mucho el cromo
hexavalente, en particular el acido crémico K2Cr207, CrO3 en acido
acético glacial, CrO3 en piridina, etc.

La oxidacion de alcoholes a aldehido o cetona se logra utilizando Cr(VI) en
una de las formas descritas antes, pero dado que los aldehidos resultantes
de la oxidacién de alcoholes primarios son susceptibles a una mayor
oxidaciobn (o sea tienden a oxidarse hasta acidos carboxilicos), la
conversion de un alcohol primario en aldehido puede ser complicada. Uno
de los mejores y mas convenientes reactivos para este proposito es el
clorocromato de piridonio (C5H5NH+CrO3C), que se obtiene por reaccion
entre acido cromico y cloruro de piridinio, el cual da muy buenos

rendimientos en la oxidacién de alcoholes primarios a aldehidos:

CsHsNHCrO3ClI
en CHoClo

3+

RCH20H = RCHO + Cr

Otros oxidantes como permanganato o dicromato producen sobre-oxidacion
del alcohol a acido carboxilico y el complejo de cromo con piridina en un

medio ausente de agua permite detener la oxidacion en el aldehido.

Este tipo de reacciones de oxidacion se encuentran ampliamente descritas
en publicaciones de caracter cientifico tales como “Fast and Selective
Oxidation of Primary Alcohols to Aldehydes or to Carboxylic Acids and of
Secondary Alcohols to Ketones Mediated by Oxoammonium Salts under
Two-Phase Conditions®” y “Readily Accessible 12-14' Oxidant for the
Conversion of Primary and Secondary Alcohols to Aldehydes and Ketones™”.

En cuanto a la reaccion C debemos decir que, se resume a una simple y
conocida reaccion del tipo acido-base en donde el compuesto de formula (1)

responde como donador de un protdn frente a la adicion de una sal basica

* Pier Lucio Anelli, Carlo Biffi, Fernando Montanari, and Silvio Quici. J. Org. Chem. 1987,52,2559-2562.
* Pier Lucio Anelli, Carlo Biffi, Fernando Montanari, and Silvio Quici. J. Org. Chem. 1983,48,4155-4156



lo suficientemente fuerte como para desprotonar el nitrégeno
correspondiente al anillo de tetrazo! de dicho compuesto de formula (1); esto
resume la seleccion de las sales mencicnadas por la solicitud en tramite a
la verificacion de sus correspondientes valores de pKa que aseguren que el
equilibrio acido-base se desplace hacia la forma desprotonada del anillo de
tetrazol del compuesto de formula (lA), como cualquier persona

medianamente versada en la materia tendria en cuenta.

La reaccion D por su parte, corresponde a una reaccidon ampliamente
67.8.

conocida en el estado de la técnica, y denominada Aminacion Reductiva
de tal manera que cualquier persona medianamente versada en la materia
sabe que, muchos aldehidos (RCHO) y cetonas (R2CO) se convierten en
aminas por aminacion reductiva, que es en si una reduccion en presencia
de amoniaco o0 aminas.

La aminacion reductiva es un método de sintesis de aminas que permite
obtener una amina 1°, 2°, 3° dependiendo de si parte de amoniaco o de una
amina; esta reduccion se logra cataliticamente o usando cianoborohidruro
de sodio, NaBH3CN y la reaccién comprende la reduccion de un
compuesto intermediario (una imina, RCH=NH o R2C=NH) que contiene

un doble enlace carbono-nitrégeno:

R—C=0 + NHj3 R—C=NH —HZ'N—ICN’R—C—NHZ
Un aldehido Una imira| © NaBH3 L
Una amima 1°
y R ] wn &
2, Ni
Una cetora Una imina | © NaBH3CN E

Una amima 1°

® T.W. Graham Solomons Fundamentos de Quimica Orgdnica Traduccion de Sanginez Franchini, Maria

Segunda Edicion México, Editorial Limusa, 19981215 p.

7 L.G. Wade Jr. Quimica OrganicaTraduccién de Montafia Pedrero Angel Manuel Quinta Edicién Espafia,

Editorial Pearson Prentice Hall, 2006 1220 p.

¥ http://www.chem.ucalgary.ca/courses/351 /Carey/Ch22/¢ch22-2-1-1.html
hitp://webpages.ull.es/users/agalindo/LECCIONI 5.pdf
http://dta.utalca.cl/quimica/profesor/astudillo/Capitulos/capitulo26.htm
http://webmail.fq.cdu.uy/~organicaforg101/teo22.pdf
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product
(akylated amine)

Es importante resaltar que la aminacion reductiva se ha usado con éxito en

una amplia variedad de aldehidos y cetonas alifaticas y aromaticas; por

ejemplo:
NH3, Hz, Ni
CHy(CHy)sCHO——2—2——= CH3(CH,)sCH,NH,
Heptaldehido n-Heptilamina
(1-Aminoheptano)
Benzaldehido Bencilamina
NH3, Hp, Ni
CH3(CH2)2ﬁCH3 —CH3(CH2)2C|:HCH3
NH,

0
2-Pentanona

Ory=

Acetofenona

(Metil n-propil cetona)

_ Nig, NaBHgCN

(Fenil metil cetona)

2-Aminopentano

CH—CH,
NH,

a-Feniletilamina

Como se puede observar, este es el mismo caso en la reacciéon que se

presenta en la solicitud colombiana en tramite:

ORz

s

\

/N

[Kat™

_—

Las caracteristicas fundamentales de este tipo de reacciones, tales como el

mecanismo de accion, tipo de reactivos, tipos de productos, condiciones de

reaccion, aplicaciones y demas, se encuentran ampliamente descritas en



publicaciones de caracter cientifico tales como “Reductive Amination of
Aldehydes and Ketones with Sodium Triacetoxyborohydride. Studies on
Direct and Indirect Reductive Amination Procedures®; “Sodium borohydride
on wet clay: Solvent-free reductive amination of carbonyl compounds using

microwaves'” e “Improved Procedures For The Conjugation Of

Oligosaccharides To Protein By Reductive Amination’"”,

Por ultimo, la reaccion E corresponde a una acilaciéon convencional entre
un grupo amino secundario y un compuestoc con un “‘grupo activador”

nucledfilo como pueden ser los haluros de acido:

7.5 ACILACION DE AMINAS CON CLORUROS DE ACIDO

[
e ] =
0 - O EN {)l N*/
A‘” + 4 OY /\ I" )\ H
R/ \CI R—NH; =—= RA‘—Ci —= R N T R NH
+ ~ ~ -
\v"’/ HZN:J’: . R ) R' o
Cloruro de acilo R Cl amida
0 0
[ =HC1 {

| !
—N$ + R—C—Cl —» R—C—N
| |

En donde, las aminas primarias y secundarias reaccionan con estos haluros
de acido para formar amidas las cuales generalmente no experimentan

acilacion posterior y se estabilizan por resonancia.

El mecanismo de accién de estas reacciones se reduce a la adicidon
nucleofilica del nitrogeno de la amina sobre el carbono que sustenta el
grupo carbonilo en el aldehido o la cetona, con la posterior perdida de un
i6n haluro y un protén, que puede ser facilitada por la adicion de piridina en

el medio de reaccion:

Como se puede observar, a este tipo de reacciones corresponde la

mencionada por la solicitud colombiana en tramite:

® Ahmed F. Abdel-Magid,* Kenneth G. Carson, Bruce D. Harris, Cynthia A, Maryanoff, and Rekha D. Shah.
J. Org. Chem. 1996, 61, 3849-3862.

1 Rajender S. Varma, a and Rajender Dahiyab. Tetrahedron Volume 54, Issue 23, 4 June 1998, Pages 6293-
6298.

" Roy R, Katzenellenbogen E, Jennings HJ. Can J Biochem Cell Biol. 1984 May:62(5):270-5.
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En conclusién, se puede apreciar que cada uno de los pasos que
componen el proceso de sintesis reivindicado por la solicitud colombiana en
tramite corresponden a reacciones sencillas, reconocidas por cualquier
persona medianamente versada en la materia y ampliamente descritas en
el estado de la técnica; con lo cual queda evidentemente desvirtuado el

nivel inventivo de dicha solicitud.

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

consecuencia el archivo del expediente respectivo.

V. FUNDAMENTOS DE DERECHO

Son fundamentos de derecho el Capitulo |, articulos 14, 16 y 18 de (Requisitos de
Patentabilidad) y el articulo 42 (Oposiciones) de la Decision 486 de 2000.

V. SOLICITUD DE PLAZO EXTRA PARA SUSTENTAR LA OPOSICION

En desarrcllo de lo dispuesto por el articulo 42, inciso 2° de la Decision 486,
solicito comedidamente a su Despacho el plazo adicional de sesenta dias para
sustentar la presente oposicién. Para los anteriores efectos, me permito anexar la

constancia de pago correspondiente.

Vi. PRUEBAS

Ruego que se tengan como tales, sin perjuicio de las que puedan presentarse al
vencimiento de la prérroga solicitada, y de aquellas que el Despacho considere
oficiosamente, las siguientes:
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La publicacién internacional WO 2004/026847 publicada el 01 de abril de 2004
y titulada “PROCESS FOR THE MANUFACTURE OF VALSARTAN” paginas 1
a 5, 6, 25 a 27 y capitulo reivindicatorio.

La publicacién internacional WO 2005/014602 publicada el 17 de febrero de
2005 y titulada “PROCESS FOR THE PREPARATION OF TETRAZOLE
DERIVATIVES FROM ORGANO BORON AND ORGANO ALUMINIUM
AZIDES?” capitulo reivindicatorio.

Abstracts de todos los articulos cientificos mencionados en el numeral 3.1 del

acapite de la oposicion.

ANEXOS

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

los siguientes anexos

=

bl

Certificado de existencia y representacion legal de Tecnoguimicas S A.

Poder para actuar.

Constancia de pago de las tasas de tramitacién de oposicion.

Constancia de pago para sustentar la solicitud de prérroga a que se refiere el
articulo 42, inciso 2° de la Decision 486.

Copia para correr traslado al solicitante.

El mencionado en el acapite de pruebas.

VIll. NOTIFICACIONES

El suscrito recibira notificaciones en la secretaria de su Despacho o en mi oficina
localizada en la Carrera 17 No. 88-23, Oficina 205, Fax (1) 621.25.42 de esta
ciudad. Tecnoquimicas S.A., las recibira en la secretaria de su Despacho o en su
sede localizada en la Calle 23 # 7-39, de la ciudad de Cali.

Seflor Superintendente

JOSE LUIS

ES VILLAMIZAR

C.C. 79'152.473 de Usaquén
T.P.A. 44,655 del C.S.J.
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PRCCESS FOR THE MANUFACTURE OF VALSARTAN

- The present invention relates to a process for the manufacture of an angiotensin receptor
block_er (ARB; also called angiotension H receptor antagonist or AT; receptor antagonist) and
salts thereof, to novel intermediates and process steps. ARBs can, for example, be used for
the treatment of hypertension and related diseases and conditions.

The class of ARBs comprises compounds having different structural features, essentially
preferred are the non-peptidic ones. For example, mention may be made of the compounds
that are selected from the group consisting of valsartan (cf. EP 443983), losartan {cf.
EP253310), candesartan (cf. 459136), eprosartan (cf. EP 403159), irbesartan (cf.
EP454511), olmesartan (cf. EP 503785), and tasosartan (ct. EP539086), or, in each case, a
pharmaceutically acceptable salt thereof.

All of these ARBs comprise the following common structural element:

The formation of the tetrazole ring is a critical step in the manufacture of these compounds.
Methods for the manufacture of ARBs having this structural feature include the formation of
said tetrazole ring by starting from corresponding cyano derivatives that react with HN; or a
suitable alkali metal salt thereof such as sodium azide or with an organotin azide such as
tributyltin azide or with a silyl azide. The use of azides for forming the tetrazol ring system
requires a sophisticated system to run the reaction in a safe way during an up-scaled
production process. Accordingly; an objective is o develop alternative process variants that
exclude the use of azides in the last steps of the production of corresponding ARBs.

The objective of the present invention is to provide a synthesis of compounds of formula (1)

that (1) does not require a process step where an azide is used, (2) results in high yields, (3)

A
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minimises pollution of the eﬁvironment e.g. by essentially avoiding organotin compounds, (4)
is economically attractive by using less reaction steps in the reaction sequence for the
manufacture of compounds of formuta (1), (5) affords enantiomerically pure target products
and products of high crystallisability. In addition, as the tetrazole ing system is formed at an
earlier stage of the reaction sequence, (6) the risk of contamination of the final product (and
tate intermediates) with trace amounts of tin components is much lower. Normally, the
tetrazole ring is formed by reacting a corresponding cyano derivative with an organotin
compound such as tributyl tin azide. For ecological reasons, the heavy metal tin and
especially organotin compounds are o be handled with special care. Furthermore, (7)

~ another objective of the present invention is to provide a process that can be carried out on a
larger scale and.can thus be usegj fora c}orresponding production process and to avoid e.g.

racemisation and thus separation of any enantiomers.

it has surprisingly been found that the process according to the present invention meets the :

above objectives.

The present invention relates to a process for the manufacture of the compound of formula

()
.
\/\/u\ M
N
0
o,

chiral

or a salt thereof, comprising

7L
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{a) reacting a compound of formula () a)

(lla)

or.a salt thereof, wherein R, is hydrogen.or a tetrazole protecting group, with a compound- of.-.

formula

(IIb)
HNT N OR, chiral

2
o)
or a salt thereof, wherein R; represents hydrogen or a carboxy protecting group, under the
conditions of a reductive amination; and

(b) acylating a resulting compound of formula (I} c)

HN

(lic)

chiral

N
@l

or a salt thereof with a compound of formula (i d)



+
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\/\)J\m )

wherein R, is an activating group; and,
(¢) i Ry and/or R; are different form hydrogen, removing the protecting group(s) in a
resulting compound of formula (Il e)

(lle)

-+ ghiral

or a sait thereof; and " : Lo

(d) isolating a resulting compound of formula (1) or a salt thereof; and, if desired, :

converting a resulting free acid of formula (I) into a salt thereof or converting a resulting salt -
of a compound of formula (1} into the free acid of formula (1) or converting a resulting salf'of. .
a compound of formula (1) into a different salt. Tk

The reactions described above and below in the variants are carried out, for example, in the -

absence or, customarily, in the presence of a suitable solvent or diluent or a mixture thereof,
the reaction, as required, being carried out with cooling, at room temperature or with"

warming, for example in a temperature range from about -80°C up to the boiling point of the -

reaction medium, preferably from about -10°C to about +200°C, and, if necessary, in a
closed vessel, under pressure, in an inert gas atmosphere and/or under anhydrous
conditions.

Compounds of formulae (It a), (I b), (H ¢) and (1) e), wherein either or both of Ry and R; are
hydrogen can form salts with bases, as both the unprotected tetrazole ring and the

14"
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unprotected carboxy group have acidic properties, white compounds of formulae (I b) and
(fic) can also form salts with acids.

A corresponding tetrazole protection group (R,) is selected from those known in the art.
Espegcially, R, is selected from the group consisting of tert-C,-Cr-alkyl such as tert-butyl; C,-
Cz-alkyl that is mono-, di or trisubstituted by phenyl, such as benzyl or benzhydryl or trityl,
wherein the phenyl ring is un-substituted or substituted by one or more, e.g. two or three,
residues e.g. those selected from the group consisting of tert-C,-C;-alkyl, hydroxy, G-
Calkoxy, C,-Cs-alkanoyl-oxy, halogen, nitro, cyano, and trifluoromethyl (CFy); picolinyl;
piperonyl; cumyl; allyl; cinnamoyl; fluorenyl; silyl such as tri-C;~Cg-alkyl-silyl, for example;
trimethyl-silyl, triethylsilyl or tert-butyl-dimethyl-silyl, or di-C{vC.}aIkyI-phenyl-sinl, for-
example, dimethyl-phenyl-silyl; C,-Cy—alkyl—sulphoﬁyl; arylsulphonyl such as phenylsulphonyl "~ - =
wherein the phenyl ring is un-substituted or substifuted by one or more, e.g. two or three;
residues e.g. those selected from the group consisting" of G,-C;-akkyl, hydroxy, C,-Cr-alkexy, -
C,-Cg-altkanoyl-oxy, halogen, rﬁtro, cyano, and CF3; Cz-Ca-_aIkanoyl such as acetyl or-
valeroyl; and esterified carboxy such as C;-C;-alkoxy-carbony, for éxample, methoxy-,
ethoxy- or tert-butyloxy-carbonyl; and allyloxycarbonyl. E)'(:ampl'es of preferred protective
groups which may be mentioned are tert-butyl, benzyl, p-methoxybenzyl, 2-phenyl-2-propyl,
diphenyimethyl, di(p-methoxyphenyl)methyl, trityl, (p-methoxyphenyl)diphenylmethyl;

- diphenyi(4-pyridyl)methyl, benzyloxymethyl, methoxymethyl, ethoxymethyl, methylthlomethyl
2-tetrahydropyranyl, allyl, trimethyisilyl and trnethylsulyl

A corresponding carboxy protecting group (Ry) is selected from those known in the art.
Especially, R; is selected from the group consisting of C;-C;-alkyl such as methyl, ethyl or a
tert-C4-Cr-alkyl, eépecially tert-butyl; C,-Co-alkyl that is mono-, di or trisubstituted by phenyl,
such as benzyl or benzhydryl, wherein the phenyl ring is un-substituted or substituted by one
or more, e.g. two or three, residues e.g. those selected from the group consisting of C4-Cy-
alkyl, hydroxy, C,-Cr-alkoxy, C,-Cs-alkanoyl-oxy, halogen, nitro, cyano, and CF3; picolinyl;
piperonyl; allyl; cinnamyl; tetrahydrofuranyl; tetrahydropyranyl; methoxyethoxy-methyl, and
benzyloxymethyl. A preferred example of protective groups which may be mentioned is
benzyl.

The activating group R; is, for example, an activating group that is being used in the field of

peptides, such as halogen such as chioring, fluorine or bromine; Cy-C;-alkylthio such as
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methyl-thio, ethyl-thio or tert-butyl-thio; pyridyl-thio such as 2-pyridyl-thio; imidazolyl such as
1-imidazolyl; benzthiazolyl-oxy such as benzthiazolyl-2-oxy-: benzotriazol-oxy such as
benzotriazolyl-1-oxy-; C,-Cg-alkanoyloxy, such as butyroyloxy or pivaloyloxy; or 2,5-dioxo-
pyrrolidinyl-1-oxy. Examples of an activating group which may be mentioned are 777

The general terms used hereinbefore and hereinafter have the following meanings, unless
defined otherwise: S

C1-C7-Alkyl is for example methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tért- -
- butyl or a corresponding pentyl, hexyl or heptyl residue. Cy-Cy-alkyl, especially methyl, ethyl ™
or tert-butyl is preferred. R - S

C+-Cr-Alkoxy is for example methoxy; ethoxy, n-propyloxy, isopropyloxy, n-butyloxy, isobutyl-:.
- oxy, sec-butyloxy, tert-butyloxy or a corresponding pentyloxy, hexyloxy, or heptyloxy: residue. -
+ C1-Cy-alkoxy is preferred. Especially preferred is methoxy, ethoxy and tert-butoxy. = -

- Cz#Cg-Alkanoyl in C,-Cgatkanoyl-oxy: is.in particular acetyl,-propiony!-, butyryl, isobutyryl or
- pivaloyl. C»-CsAlkanoyl is preferred.- Especially preferred is acetyl or pivaloyl.

- Halogen is.in particular chlorine, fluorine or bromine, and in a broader sense includes iodine. -
Chlorine is preferred.

Step (a):

In reaction Step (a), the reductive amination is carried out in the presence of a reducing. -
agent. A suitable reducing agént is a borohydride, which may also be in a complexed form, -
or hydrogen or a hydrogen donor both in the presence of a hydrogenation catalyst.
Furthermore, a reducing agent is a suitable selenide or a silane.

A suitable borohydride or a complexed borohydride is, for exampie, an alkali metal
borchydride such as sodium borohydride or lithium borohydride; an earth alkaii metal
borohydride such as calcium borohydride; an alkali metal cyanoborohydride, such as sodium
cyanoborohydride or lithium cyanoborohydride, an alkali metal tri-{C,-C,-alkoxy)-borohydride
such as sodium trimethoxy-ethoxy-borohydride; a tetra-C4-C7-alkylammonium-



WO 2004/026847 PCT/EP2003/010543

-05-

g) and water (1.5 g) over 61 min. - After stirring for 30 mln valeroylchloride (5.3 g; 43.5
mmol) is added over 8 min., followed by slow addition over 30 min. of a mixture (4.3 g) of
pyridine (3.4 g) and water.(0.9 g). After each addition of pyridine the pH is controffed by
sémplfng (hydrolyzed with water). The pH of the samples should always be below 2.5. The
reaction is stirred for 25 min., then water (25.6 g) is added over 30 min. The mixiure is
stirred for another 30 min., then warme'd'to 23°C over 30 min. and stirred for another 2
hours. Adjustement of pH, remove of organic solvents by distillation, further work-up and
crystallization is done as described in the example 1 ¢) above.

Example 2:

This example can be illustrated by means of the following reaction scheme: B

D;r\/@

" H,N COOCH,_Ph

S

NaBH, / Base l EtOH

H, / Catalyst

* Vy—NH

a) Preparation of (S)-3-Methvl-2-{[2'-(1H-tetrazol-5-vl}-biphenyl-4-yl-methyl]-amino}-butyric -

acid benzylester

L-Valin-benzylester tosylate (6.38 g, 16.8 mmol) in toluene (40 mi) is extracted with a solu-

tion of sodiumcarbonate (2.36 g, 22.0 mmol) in water (40 ml). The organic phase (contains -

L-valin benzylester free bése is separated, and 2'-(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde
{413 g, 16.0 mmol) and tri-n-propyl-amine (3.20 ml, 16.8 mmol) are added at room
temperature. The resulting solution is evaporate.d. at 50°C in vacuo (water is removed
azeotropically). The residual cil (containing the intermediate imine is dissolved in absolute
ethanol (40 ml), and scdium borohydride (0.68 g, 17.6 mmol) is added in portions within 10

X
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minutes (min.) at 0-5°C. The res’uﬁing solution is stirred for 30 min at 0-5°C. After comple-
tion of the reaction, the reaction mixture is .quenched with water (10 ml) and adjusted to pH

' 6-7 by addition of hydrochloric acid 2 M (16 ml,:32 mmol) at RT. Ethanol is distilled off from
the reaction mixture at 50° in vacuo and the residual aqueous mixture extracted with toluene
(60 mi). The organic phase is concentrated at 50°C in vacuo to approximately 50 % of the
original volume by destillation (wéter and ethanol are azéotropica'lly removed). The resulting
concentrate (35 ij containing (S)-3-methyl-2-{[2‘-(1H-tetrazo}-5-yl}-biphenyl-4-yi-methyl}-
amino}-butyric acid benzylester is used as it is as starting material for the subsequent..
acylation step.

b) Preparation of {S 1H-tetrazol-5-

. amino}-butyric acid benzylester o AR Se 4

The solution of (S)-3-methyt-2-{[2'-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl}-amino}-butyric. .
.acid benzylester (approximately 7.0 g ,. 1_6._(i mmeol) in toluene (35 ml) from the previous step
_Is diluted with tdluené (35 ml). The clear solﬁti.g‘n,_‘js. cooled to-0-5°C under anhydrous.':,(’:c:)ndi--_ :
. tions, and N-ethyl-diisopropylamine (6.1 ml,:35.2.mol) and valeroy!thoride (41ml; 336~
_mmol) are added at this temperature. The reaction. m‘ixture is heated to 50°C within 30 min
and agitated at 50°C for approximately 1 h and.— after corﬁpleti_on of the reaction - quenched-
by addivtion. of methanol (10 ml) at 50°C. The clear solution is stirred for approximately. 30.- .

min at 50°C and finally cooled to RT. Water (30 ml) is added and the resulting two-phasé: =

system is adjusted to pH 2 by addition of hydrochloric acid 2.0 M (approximately 11 mi; 22. .
mmol). The organic phase is separated, extracted with water (30 mi) and concentrated at
50°C in vacuo to approximately 50 % of the original volume by destillation (water and -
methanol are azeotropically removed). The resulting concentrate.in toluene (40 mi) is
seeded at 40°C in order to start the. crystallization and agitated at this temperature for-
approximately 1 hour (h). The suspension is gradually cooled to 0°C within 6-10 h. The .
solid is separated by filiration, washed with cold toluene (30 ml) and dried in vacuo at 50°C
o give (S)—S—methyl-{2—pentanoyl-[2'-(1 H-tetrazol-5-yl)-biphenyl-4-yl-methyl]-amino}-butyric
acid benzylester. T '
Melting point: 115 - 116°C

Enantiomeric excess (by HPLC): ee > 99.8 %

c) Preparation of (S)-3-Methyl-2-{pentanoyl-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl}-
amino} -butyric acid '

23
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A solution of (S)-3~Methyl-{21pentanoyl-[2‘-(1_H'—tetrazolfs-yl)-biphenyl-il'-yl-meihyl]-amin’o}-;
butyric acid benzylester (10.6 g; 20.0 mmol) in Ethylacetate (43 ml) is hydrogenated at 4 bar
150°C in presence of a wet palladium on charcoal catalyst 5% (1.12 g; containing 50.%
water). After completion of the reaction (dease- of hydrogen consumption) the catalyst is-
removed by-filtration and the filtrate is concentrated at 45°C in vacuo (water is azeotropically -
removed). The crystallization of the product is initiated at 45°C and — after addition of-cyclo-

hexan (102 mf) — completed by cooiing to -5°C. The solid is collected by filtration, and after . -

drying at 50°C, (S)—3-methyl-2-{penténoyl-[2’-(1 H-tetrazol-5-yl)-biphenyl-4-yl-methyi}-amino} -
butyric acid is received as a white powder.

" Melting point: 108-110°C.

~Enantiomeric excess (by HPI;C)E ee >99.5%: -

Example 3!

a)  Preparation of (S)-3:Methyl-2:((2'-(1H-tetrazol-5-yl)-biphenyl-4-y-methyl)-amino)-butyric . i

acid tert-bufylester

To a suspension of L-valine tert-butylester hydrochloride (419.4 mg; 2 mmol} in 5 miof iso-
propylacetate is added sodium carbonate (265 mg; 2.5“rhmol) in 5 mi of water. After
complete dissolution, the two phases are separated immediately. The agueous layer is
washed once with 4ml of isopropylacetate. The combined organic layers are washed with 5.
mL of water. The colourless organic is dried over sodium sulfate, filtered, evaporated in
vacuum and dried in high vacuum to give a colourless oil. The oil is dissolved in 4 mi of
methanol. After addition of the 2'-(1H-tetrazol-2-yl)-biphenyl-4-carbaldehyde (515 mg;
2mmol). and triethylamine (0.278 ml; 2 mmol), the yellow solution is stifred for 5 minutes
before evaporation in vacuum to give a yellow oil. After dissolution in 4 ml ethanol the
solution is cooled fo 0°C. Sodiumborohydride (78 mg; 2 mmol) is added in 4 portions with
stirring until the imine dissapeared (HPLC). The slightly yellow solution is acidified from pH
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PROCESS FOR THE PREPARATION OF TETRAZOLE DERIVATIVES FROM ORGANO BORON AND
ORGANC ALUMINIUM AZIDES

The invention relates to a method for preparing substituted tetrazoles, compounds obtained

according to this method, new reactants and new tetrazole derivatives.

Tetrazoles are structural elements, for example, of pharmaceuticals or agricultural
compositions, foaming agents, automotive inflators, and the like. Especially mentioned are
the class of so-called angiotensin |l receptor antagonists also designated nowadays as
angiotension receptor blockers (ARBs) that can be used e.qg. for the treatment of
hypertension and congestive heart failure. Most of said ARBs comprise as structural
element a 5-tetrazole group.

It is known in the art that tetrazole derivatives can be prepared by reacting various nitriles
with organic azides in relatively good yields. Representatives of corresponding azides are,
for example, organo-tin azides which have some toxic profile. They have to be handled with
special care in production processes, cause ecological problems and require a significant
amount of additional process work to recycle them from the wastewater thereby additionally
'increasing the production costs. Tetrazole forming methods which use trialkylammonium
azides or tetraalkylammonium azides may form volatile sublimates in the reaction reactors at
higher temperatures which have the risk of explosion and are therefore not easy to handle in
large scale production.

There is a strong need to develop process variants, new reagents and intermediates that
avoid the above-mentioned disadvantages. Especially, a lot of effort has been made to
substitute corresponding organo-tin azides with alternative agents which are viable

alternatives in the production of tetrazoles with sufficiently high yields.

It has surprisingly been found that organo boron azides and organo aluminium azides can be
used as alternatives to corresponding organo-tin compounds. Said boron and aluminium
compounds are available in considerably large scales and are relatively inexpensive,
especially corresponding aluminium compounds that are produced for the polymer industry
(e.g. Ziegler-Natta catalysis). It has surprisingly turned out that high yields of tetrazoles can
be achieved when using these organo azides to be used according to the present invention.

Furthermore, as the corresponding boron and aluminium azides are not known to be toxic,
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their use does not require special care when recycling the waste water and moreover the
dialkylmetal azides can be produced in a large scale at low costs and mild conditions. Even
though, corresponding dialkyl boron and dialkyl aluminium azides have these advantages,
they have not been described in the literature to be used in [2+3]cycloadditions with nitriles
to form tetrazoles. What is known from the literature is that e.g. di-organyl aluminium azides
can be used to open epoxides and also to form acyl-azides from esters. However, the use
of di-organyl boron or di-organyl aluminium azides, respectively, to form tetrazoles with

nitriles is fully surprising.

The present invention relates to the use of organo boron and organo aluminium azides,

especially as defined below, for the manufacture of tetrazole derivatives.

The present invention relates to a process for the manufacture of a tetrazole of formula

N\
)
ﬂ—N

)

or a tautomer or a salt thereof, wherein R represents an organic residue;

comprising

(i) reacting a compound of formula R-CN (Il a) with an azide of formula (R){Rz)M-N;-(ll
b), wherein R has the meaning as defined above; R, and R,, independently of another,
represent an organic residue such as an aliphatic residue, an alicyclic residue, a
heteroalicyclic residue; an alicyclic-aliphatic residue; a heteroalicyclic-afiphatic residue; a
carbocyclic or a heterocyclic aromatic residue; an araliphatic residue or an heteroaraliphatic
residue, each residue, independently of another, being unsubstituted or substituted; and M is
boron or aluminium; and

(i) isolating the resulting compound of formula (1).

A tautomer of a compound of formula (1) is a compound of formula

N
R—(/ \/NH
N=N

")
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A salt of a compound of formulae (1) or (I'), if the compounds of formulae (1) or (I') have, for
example, at least one basic centre, can be an acid addition salt. This is formed, for example,
with a strong inorganic acid, with a strong organic carboxylic acid, or with an organic sulfonic
acid. A corresponding acid addition salt can also be formed, if desired, with any additionally
present basic centre. If the compounds of formulae (1) or (I') have at least one acid group
(for example COOH or 5-tetrazolyl) a salt with a base can be formed. A suitable salt with
bases is, for example, metal salts, or a salt with ammonia or an organic amine. A
corresponding internal salt may furthermore be formed.

The general definitions used above and below of the corresponding residues, unless
otherwise defined below, have the following meanings:

An organic residue is, for example; an aliphatic residue, an alicyclic residue, a heteroalicyclic
residue; an alicyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a carbocyclic or a
heterocyclic aromatic residue; an araliphatic residue or an heteroaraliphatic residue, each

residue, independently of one another, being unsubstituted or substituted.

An aliphatic residue is, for example, alkyl, alkenyl or secondarily alkynyl, each of
which can be interrupted by NH, substituted NH, O, or S; and each of which can
be unsubstituted or substituted, for example, mono-, di- or tri-substituted.

Alkyl is, for example, C,-Cy-alkyl, in particular C;-C,,-alkyl. C,-Cg-alkyl is preferred, for
example methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or tert-butyl.

Alkenyl is, for example, C;-Cye-alkenyl, in particular C,-Cyp-alkenyl. Preferred is C;-Cs-
alkenyl; for example, 2-propenyl or 2- or 3-butenyl. Alkenyl is likewise C,-Cx-alkenyl, in
particular C,-C,y-alkenyl. Preferred is C,-Cs-alkenyl.

Alkinyl is, for example, C;-Cyalkynyl, in particular C,-Cypalkynyl. Preferred is C;-Csalkynyl
such as propargyl. Alkinyl is likewise C,-Cyalkynyl, in particular C,-C,calkynyl. Preferred is
C,-Csalkynyl,

Alkyl, alkenyl or alkynyl that can be interrupted by NH, substituted NH, O or S is in particular
C,-Cy-alkoxy- C,-Cyg-alkyl, ~C3-Cyp-alkenyl or - Cs-Cye-alkynyl, or C5-Cyp-alkenyloxy- C,-Cy-

4,5
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alkyl, - C4-Cy-atkenyl or - C5-Cye-alkynyl, for example, C,-C,p-alkoxy-C;-Cig-alkyl, -C3-Cyp-
alkenyl or - C;-C,,-alkynyl, or C4;-C,g-alkenyloxy-C,-C,q-alkyl, -C,-C,g-alkenyl or -C5-C,4-
alkynyl. Preferred is C,-C;-alkoxy-C,-C;-alkyl, -C5-C,-alkenyl or - C;-C,-alkynyl, or C;-C;-
alkenyloxy-C,-C,-alkyl, -C4-C;-alkenyl or - C;-C;-alkynyl.

Substituted NH is, for example, NH which is substituted by C,-C,-alkyl such as methl, ethyl
or propyl, phenyl-C,-Cg-alkyl such as benzyl or 2-phenethyl, or by acyl, such as C,-Cs-alkyl-
alkanoyl, phenyl-C,-Cs-alkanoyl, benzoyl, C,-Cg-alkanesulfonyl or benzenesulfonyl.

An alicyclic residue is, for example, mono-, bi- or polycyclic. Preferred is cycloalkyl and
secondarily cycloalkenyl, each of which can also be substituted.

Cycloalkyl in particular Cs-Cgeycloalkyl. Preferred is cyclopentyl and cyclohexyl.

Cycloatkenyl is in particular C;-C,cycloalkenyl and is preferably cyclopent-2- and -
3-enyl, or cyclohex-2- and -3-en-yl.

A heteroalicyclic residue is, for example, an alicyclic residue, wﬁerein at least one carbon
atom is replaced by a heteroatom, e.g. NH, substituted NH, O, or S, each of which can also
be substituted.

An alicyclic aliphatic residue is, for example, alkyl, alkenyl or alkynyl that is substituted by
cycloalkyl or by cycloalkenyl. Preferred is C,-Cg-alkyl, C,-Cg-alkenyl or C,-Cg-alkynyl each of |
which is substituted by C;~Cg-cycloalkyl or by C,-Cy-cycloalkenyl, especially
cyclopropylmethyl, cyclopentylimethyl, cylohexylmethyt, or cyclohexenyl-methyl.

A heterocyclic aliphatic residue is, for example, C,-Cg-alkyl, C,-Cg-alkenyl or C,-Cg-alkynyl
each of which substituted by C,-Cycycloalkyl or by C,-C,-cycloalkenyl wherein one carbon
atom of C;-Cgeycloalkyl or by Cs-Cg-cycloalkenyl, respectively, is replaced by NH, substituted
NH, O, or S, especially piperidino-methyl or -ethyl.

A carbocyclic aromatic residue is, for example, a mono- or polycyclic (such as bicyclic) or
benzoanellated carbocyclic residue, such as phenyl, naphthyl, but also biphenyl, each of

which can also be substituted.
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A heterocyclic aromatic residue is, for example, 5- or 6-membered and monocyclic radical
which has up to four identical or different hetero atoms, such as nitrogen, oxygen or sulfur
atoms, preferably one, two, three or four nitrogen atoms, an oxygen atom or a sulfur atom,
each of which can also be substituted. Appropriate 5-membered heteroaryl radicals are, for
example, monoaza-, diaza-, triaza-, tetraaza-, monooxa- or monothia-cyclic aryl radicals,
such as pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl, furyl and thie“nyl, while suitable
appropriate 6-membered radicals are in particular pyridyl. )

An araliphatic residue is, for example, C,-Cg-alkyl, C,-Cg-alkenyl or C,-Cq-alkynyl each of
which is substituted by phenyl or by naphthyl, especially benzy}, 2-phenethyl or 2-phenyl-
ethenyl.

A heteroaraliphatic residue, is for example, C,-Cg-alkyl, C,-Cg-alkenyl or C,-Cg-alkynyl each
of which is substituted by pyrazolyl, imidazolyl, triazoly}, tetrazolyl, furyl, thienyl or pyridyl,
especially pyridylmethyl.

Alkyl, alkenyl, or alkinyl can also be substituted, for example, by a substituent selected from
the group consisting e.g. of an alicyclic residue, a heteroalicyclic residue; a carbocyclic and a
heterocyclic aromatic residue; each residue, independently of another, being unsubstituted
or substituted by one or more, e.g. two or three, substituents, for example, selected from the
group consisting of halogen, amino, substituted amino, mercapto, substituted mercapto,

hydroxyl, etherified hydroxyl, carboxy, and amidated carboxy.

Alicyclic or heteroalicyclic residues can also be substituted, for example, by one or more,
e.g. two or three, substituents selected from the group consisting e.g. of an aliphatic residue,
alicyclic residue, a heteroalicyclic residue; a carbocyclic and a heterocyclic arcmatic residue;
each residue, independently of another, being unsubstituted or substituted by one or more,
e.g. two or three, substituents, for example, selected from the group consisting of halogen;
amino, substituted amino, mercapto, substituted mercapto, hydroxyl, etherified hydroxyl,
carboxy, and amidated carboxy.

An alicyclic-aliphatic residue, a heteroalicyclic-aliphatic residue, an araliphatic residue or a
heteroaraliphatic residue, each residue (e.g. in both the alicyclic and the aliphatic moiety),
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independently of another, being unsubstituted or substituted by one or more, e.g. two or
three, substituents in both structural elements, for example, selected from the group
consisting of an aliphatic residue, an alicyclic residue, a heteroalicyclic residue; an alicyclic-
aliphatic residue; a heteroalicyclic-aliphatic residue; a carbocyclic aromatic residue, a
heterocyclic aromatic residue; an araliphatic residue; an heteroaraliphatic residue, halogen;
amino, substituted amino, mercapto, substituted mercapto, hydroxyl, etherified hydroxyl,
carboxy, and amidated carboxy.

A carbocyclic or a heterocyclic aromatic residue can also be substituted, for example, by one
or more, e.g. two or three, substituents selected from the group consisting e.g. of an
aliphatic residue, alicyclic residue, a heteroalicyclic residue; a carbocyclic and a heterocyclic
aromatic residue; each residue, independently of another, being unsubstituted or substituted
by one or more, e.g. two or three, substituents, for example, selected from the group
consisting of halogen; amino, substituted amino, mercapto, substituted mercapto, hydroxyl,
etherified hydroxyl, carboxy, and amidated carboxy.

Substituents of an aliphatic residue, an alicyclic residue, a heteroalicyclic residue; an
alicyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a carbocyclic or a heterocyclic
aromatic residue; an araliphatic residue or an heteroaraliphatic residue, can likewise be

acetalized formyl.

Halogen is in particular halogen of atomic number not more than 53, such as fluorine,

chlorine, bromine and iodine.

Substituted mercapto is, for example, substituted by an aliphatic residue, an alicyclic residue,
a heteroalicyclic residue; an alicyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a
carbocyclic or a heterocyclic aromatic residue; an araliphatic residue or an heteroaraliphatic
residue, each residue, independently of another, being unsubstituted or substituted by one
or more, e.g. two or three, substituents, for example, selected from the group consisting of
halogen; amine, substituted amino, merf:apto, substituted mercapto, hydroxyl, etherified
hydroxyl, carboxy, and amidated carboxy.
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Etherified hydroxy is, for example, hydroxy etherified by an aliphatic, an alicyclic,
heteroalicyclic, an araliphatic, a heteroaryl-aliphatic, a carbocyclic aromatic or
heteroaromatic alcohol, each of which can also be substituted.

Esterified carboxy is, for example, carboxy which is esterified by an alcohol which
is derived from an aliphatic or araliphatic hydrocarbon radical, such as alkyl,
phenyl-alkyl, alkenyl and secondarily alkynyl, and which may be interrupted by -O-
, such as alkoxy-alkyl, -alkenyl and - alkynyl. Examples which may be mentioned
are C,-Cjalkoxy-, phenyl-C,-C,alkoxy-, C,-C,alkenyloxy- and C,-C,alkoxy-C-
C.alkoxy-carbonyl.

Amidated carboxyl is, for example, carbamayl in which the amino group is
unsubstituted or monosubstituted or, independently of one another, disubstituted
by an aliphatic or araliphatic hydrocarbon radical or disubstituted by a divalent
aliphatic hydrocarbon radical which may be interrupted by O or may be condensed
at two adjacent carbon atoms with a benzene ring, in particular alkylene or lower
alkyleneoxy-alkylene. Examples of appropriately substituted amino groups which
may be mentioned are C,-C,alkyl-, C,-C;alkenyl-, C,-C,alkynyl-, phenyl-C,-C;alkyl-
, phenyl-C,-C;alkenyl-, phenyl-C,-C alkynyl-, di-C,-C;alkyl-, N- C,-C,alkyl-N-
phenyl-C,-C,alkyl- and diphenyl-C,-Calkylamino and also quinol-1-yl, isoquinol-2-
yl, C,-C,alkylene- and C,-C;alkyleneoxy-C,-C;alkylene-amino.

Alkylene is, for example, C;-C,salkylene, in particular, C,-C;alkylene, for example
methylene, ethylene, or 1,5-pentylene. Corresponding alkylene may also be
branched.

Substituted amino has the meanings indicated in connection with substituted
carbamoyl! and is furthermore acylamino, such as C,-Cy- alkanoyl-, phenyl-C,-Cs-
alkanoyl-, benzoyl-, C,-C,-alkanesulfonyl- or benzenesulfonylamino.

Acetalised formyl is, for example, di-alkoxymethyl or oxy-alkyleneoxymethylene.
Most preferred is branched oxy-alkylene-oxy-methylene wherein the alkylene
group is branched such as oxy-2,3-butylene-oxy-methylene or oxy-2,3-di-methyl-
2,3-butylene-oxy-methylene.
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Alkanoyl is, for example, C,-C,jalkanoyl and is in particular C,-C,alkanoyl, such as
acetyl, propionyl, butyryl, isobutyry! or pivaloyl. C,-Csalkanoyl is preferred.

Haloalkylsulfamoyl is in particular halo-C,-C,salkanesulfamoyl and is in particular
C,-C; alkanesulfamoyl, for example, trifluoromethane-, difluoromethane-, 1,1,2-
trifluoroethane- or heptafiuoropropanesulfamoyl. Halo-C,-C,alkanesulfamoyl is
preferred.

Pyrrolyl is, for example, 2- or 3-pyrrolyl. Pyrazolyi is 3- or 4-pyrazelyl. Imidazolyl
is 2- or 4-imidazolyl. Triazolyl is, for example, 1,3,5-1H-triazol-2-y1 or 1,3,4-triazol-
2-yl. Tetrazolyl is, for example, 1,2,3,4-tetrazol-5-yl, furyl is 2- or 3-furyl and
thienyl is 2- or 3-thienyl, while suitable pyridyt is 2-, 3- or 4-pyridyl or
corresponding N-oxido-pyridyl.

Alkoxy is,‘ for example, C,-Cyalkoxy, in particular C,-C,salkoxy. Preferred is C,-
Calkoxy, most preferred C,-C,alkoxy such as methoxy, ethoxy, n-propyloxy or
tert-butyloxy.

Substituents of residues as mentioned above and below should preferably not
comprise those substituents that interfere with the reactants.

Preferred R is selected from the group consisting of phenyl or of pyridyl each of
which is unsubstituted or substituted by a substituent selected from the group
consisting of halogen, C,-C,alkyl, C,-C,alkoxy, hydroxyl, hydroxyl-C,-C.alkyl, halo-
C,-C;alkyl such as CF,, formyl, di-C,-C,alkoxy-methyl, and C,-C,alkylene-methyl;
of C;-C,cycloalkyl; of C,-C,cycloalkenyl; of biphenylyl that is unsubstituted or
substituted by a substituent selected from the group consisting of halogen, C,-
Cralkyl, C,-C;alkoxy, hydroxyl, hydroxyl-C,-C;alkyl, halo-C,-Calkyl such as CF,,
formyl, di-C,-Calkoxy-methyl, and C,-C,alkylene-methyl, for example 4’-C,-
C.,alkyl-biphenyl-2-yl, 4-hydroxy-C,-C,alkyl-biphenyl-2-yl, 4'-halo-C,-C,alkyl-
biphenyl-2-yl, 4'-formyl-biphenyl-2yl, 4-di- di-C,-C alkoxy-methyl, or C,-Csalkylene-
methyl; of C,-C,alkyt that is unsubstituted or substituted by a substituent selected
from the group consisting of halogen, of phenyl; of phenylsulphonyl, of
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phenylsuphinyl, and of phenylmercapto, phenyl being in each case unsubstituted
or substituted by a substituent selected from the group consisting of halogen, C;-
C,alkyl, C,-C,alkoxy, hydroxyl, hydroxyl-C,-Calkyl, and halo-C,-C;alkyl such as
CF,; of carboxy, and of N-pheny!-N-C,-C,alkyl-amino phenyl! being in each case
unsubstituted or substituted by a substituent selected from the group consisting of
halogen, C,-Cyalkyl, C,-C,alkoxy, hydroxyl, hydroxyl-C,-C,alkyl, and halo-C;,-
C,alkyl such as CF;; and of C,-C,alkenyl that is unsubstituted or substituted by a
substituent selected from the group consisting of halogen, of phenyl; of carboxy,
and of N-pheny}-N-C,-C,alkyl-amino phenyl being in each case unsubstituted or
substituted by a substituent selected from the group consisting of halogen, C,-
C,alkyl, C,-C;alkoxy, hydroxyl, hydroxyl-C,-C;alkyl, and halo-C,-C;alkyl such as
CF,.

Specifically preferred R is selected from the group consisting of halophenyl such
as 2-, 4-chlorophenyl, 2-flucrophenyl; of hydroxyphenyl such as 2-hydroxyphenyl;
of CF,-phenyl such as 2-CF;-phenyl; of halo-pyridyl such as 2-chloro-5-pyridyl; of
hydroxy-pyridyl such as 2-hydroxy-5-pyridyl; of biphenyl that is substituted by C,-
C,-alkyl, halo-C,-C,-alkyl, hydroxyl-C,-C4-alkyl, or formyl; of phenyl-C,-C,-alkenyl;
of 1-carboxy-2-phenyl-C,-C,-alkenyl, such as 4-methyl-biphenyl-2-yl, 4'-
bromomethyl-biphenyl-2-yl, 4'-formyl-biphenyl-2-yl, or 4-hydroxymethyl-biphenyl-2-
yl; of carboxy-C,-C,-alkyl, for example, carboxy-methyl; of phenylsulphonyl-C,-C-
alkyl such as phenylsulphonyl-methyl; of phenylmercapto-C,-C,-alkyl such as
phenylmercaptomethyl; of C;-Cg-cycloalkyl such as cyclopropyt or cyclobutyl; of
C,-Cs-cycloalkenyl such as 1-cyclohexenyl; and of N-phenyl-N'-C,-C,-alkyl-amino-
C,-C,-alkyl such as 2-(N-phenyl-N’-methyl-amino)-methyl.

The reactions described above and below in the variants are carried out, for
example, in the absence or, customarily, in the presence of a suitable solvent or
diluent or a mixture thereof, the reaction, as required, being carried out with
cooling, at room temperature or with warming, for example, in a temperature
range from ébout -80°C up to the boiling point of the reaction medium, preferably
from about -10° to about +200°C, and, if necessary, in a closed vessel, under

pressure, in an inert gas atmosphere and/or under anhydrous conditions.
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Preferably, a compound of formula (i1 a) is used, wherein substituents of variable R do not

interfere during the reaction with a compound of formula (li b).

A compound of formuia (Il a) is preferably a corresponding compound, wherein R is as
defined above.

A preferred azide of formula (R,){R,)M-N, (ll b) is a corresponding compound, wherein M is
aluminium or boron, R, and R,, independently of one another, is C,-Cg-alkyl such as methyl,
ethyl, propyl, diisobutyt, tert-butyl or n-octyl; C;-C,alkenyl such as allyt or crotyl, C,-C,-
cycloalkyl such as cyclohexyl; phenyl-C,-C,-alkyl such as benzyl or 2-phenethyl; phenyl-C;-
Csalkenyl such as cinnamyl, or C;-Cg-cycloalkyl-C,-Cg-alkyl such as cyclopropylmethyl or
cyclohexylmethyl. Likewise, R; and R,, independently of one another, is phenyl-C,-
Czalkenyl.

Especially breferred azides are those as mentioned in the Examples.

The molar ratio of an azide of formula (Il b) and a nitrile of formula (1l a) is in a range from 5

to 1, preferably, from 3 to 1, most preferably, from 1,8 to 1 or from 1,2 to 1.

An inert solvent, diluent or mixture thereof should be selected which means that it cannot
react with the starting material or intermediates. A suitable solvent is, for example, selected
from the group consisting of aliphatic, cycloaliphatic and aromatic hydrocarbon, such as an
Cs-C,,-alkane e.g. heptane, a cycloalkane such as cyclohexane; and aikylated Cs-
C,cycloalkane such as methyl-cyclohexane or 1,3-dimethyl-cyclohexane, an alkylated
benzene such as ethylbenzene, toluene, xylene, cumene, or mesitylene; a halogenated
aromatic solvent such as chlorobenzene, o-, m- or p-chlorotoluene, dichlerobenzene, and
triftluoromethyibenzene which may be further substituted e.g. by C,-C,alkyl or C,-C;alkoxy;
and a halogenated hydrocarbon, for example, a halogenated aromatic compound, such as
chlorobenzene. A further solvent may be an ether, such as tetrahydrofurane. Furthermore,
a suitable solvent, diluent or mixture thereof should have a boiling point that is high enough

to be used under the reaction conditions.

o gy
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Preferred solvents or diluents are aliphatic hydrocarbons, for example, Cs-Cialkanes such as
heptane or n-octane; aromatic hydrocarbons, for example, phenyl substituted by C,-C,alkyl
such as toluene or xylene, or mixtures thereof.

The reaction temperature is preferred in the temperature range of from room temperature to
the boiling point of the solvent, diluent or mixture thereof, for example, a reaction
temperature range is from about 20°C to about 170°C, preferably, from about 60°C to about
130°C or to about 140°C, depending on the reactivity and combination of the reactants. A
person skilled in the art is fully enabled to select corresponding suitable solvent and diluent
systems and reaction conditions adapted to the choice of the sclvent system and reactants.

The reaction is most preferably carried out under anhydrous conditions.

In a preferred embodiment of the present invention, the invention is carried out in a
temperature range of from 80°C to 120°C , preferably between 90°C and 110°C.

The isolation step is carried out according to conventional isolation methods, such as by
crystallizing the resulting compound of formula (I), (IV), (IV c), (V), (V1), (VII}, or (VIT'),
respectively, or a tautomer or salt thereof, from the reaction mixture or by chromatography of
the reaction mixture, such as by crystallizing the resulting compound from the reaction
mixture — if desired or necessary after work-up, especially by extraction - or by
chromatography of the reaction mixture. Reference in this context is also made to the

working examples.

Compounds of formula (Il 2) are either known or ¢an be prepared using methods known in
the art.

Preferred are compounds of formula (Il a), wherein R represents a carbocyclic or

heterocyclic residues.

The present invention likewise relates to a compound of formula (Il b). Preferred
compounds of formula (ll b) are those, wherein R, and R,, independently of one another, are
C;-C,qalkyl, C;-Cgalkenyl, C;-Cy-cycloalkyl, alkylated C;-Cg-cycloalkyl or ar-C,-Csalkyl,
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especially methyl, ethyl, isopropyi, buty, isobutyl, octyl, aliyl, cyclopropyl, cyclopentyi,
cyclohexyl, methyl-cyclohexyl, or benzyl.

AZzides of formula (Il b) can be prepared, for example, by reacting a compound of formuta
(R{{R2)M-X (Il ¢), wherein M is aluminium or boron, Ry and R; have the meanings as
defined above and X is a leaving group e.g. halogen, such as fluoride, chloride, bromide or
iodide; or a sulphonate, such as an alkane sulfonate e.g. methanesuiphonate; a halogenated
alkane sulfonate e.g. trifluoromethansulfonate, an aromatic sulphonate e.g. tosylate; with an

azide, preferably an alkaline metal azide, such as a lithium, sodium or potassium azide.

The formation of an azide of formula (Il b} is carried out, in particular, in the presence of an
inert solvent or diluent or a mixture thereof, in a temperature range of 0°C to 120°C. The

reaction is most preferably carried out under anhydrous conditions.

Preferred azides comprise compounds of formula (If b), wherein R, and R,, independently of
one another, represent C,-Cy-alkyl such as ethyl, iso-propyl, n-propyl, n-butyl, sec-butyl, tert-
butyl or n-octyl, C;-Cg-cycloalkyl, C;-Cg-cycloalkyl-C,-Cg-alkyl or aryl-C,-Cs-alkyl such as
benzyl or 2 phenethyl; and M is boron or aluminium. Corresponding representatives are
dimethyl aluminium azide, diethyl aluminium azide, diisopropyl aluminium azide, dipropyl
aluminium azide, diisobutyl aluminium azide, dibutyl aluminium azide, dicyclohéxyl
aluminium azide, diethyl boron azide, diisopropyl boron azide, dipropyl boron azide,
diisobutyl boron azide, dibutyl boron azide or dicyclohexyl boron azide, furthermore diaryl
boron azide such as diphenyl boron azide.

It might be that, dependent on the kind of substituents, reactive substituents could also react
with the azide. For example, an aromatic hydroxy group or a benzylic hydroxy! group may
react with an azide of formula (It b), however, the resulting hydroxy function masked by a
metal or by an organo metal group can be split with e.g. an acid resuiting in a compound of
formula (1); accordingly, in this situation, a higher amount of a compound of formula (Il a)
needs to be used. An ester group might form an acyl-azide with a compound of formula (Il
b), while an epoxy ring structure might be opened with an compound of formula (11 b).
However, the person skilled in the art would be able to either directly anticipate that starting
compounds with specific reactive substituents could not be used, as these substituents

might react with the azide instead of the cyano function, or the person skilled in the art
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would, when corresponding side reactions are realized, protect corresponding reactive
groups and lateron split-off the corresponding protecting groups by using conventional
methods known per se.

The process of the present invention likewise comprises protecting reactive substituents of
compounds of formulae (Il a) and (Il b) and, after formation of the tetrazole ring, splitting-off
the corresponding protective group(s), especially by using conventional methods known per
se e.g. by the person skilled in the pertinent art who is familiar with protecting and de-
protecting functional groups.

In a preferred embodiment of the present invention, before the reaction of a compound of
formufa (1l @) with a compound of formula (Il b}, a compound of formuta (Il a) wherein R
comprises a reactive group that can be protected against the reagent of formula (il b) can be
protected. Then a resulting protected compound is reacted as described herein with a
compound of formula (Il b) and from a resulting compound the protecting groups is split off
resulting in a compound of formula (I) or a tautomere thereof. This principle can likewise be

applied to the manufacture of a compound of formulae (IV), (V), (V1), respectively.

In a preferred embodiment of this variant, OH groups, such as aromatic e.g. phenolic or
benzylic OH groups, can be either masked or protected, respectively. A corresponding OH
group can be masked, for example, by treatment with a compound of formula (Il d) M'(R;),
wherein M’ represents a suitable element of groups 1a, 2a, 3a, and 4 a of the Periodic Table
of Elements, especially an element selected from the group consisting of Li, Na, K, Mg, Ca,
B, Al, and Si; R;, independently of one another, is hydrogen, a leaving group such as
halogen e.g. chlorine or bromine, NH,, alkyl such as C;-Cg-alkyl, cycloalkyl such as C;-C;-
cycloalkyl e.qg. cyclopropyl or cyclohexyl, carbocyclic aryl such as pheny! or substituted
phenyl, carbocyclic aryl-alkyl such as phenyl-C,-C,-alkyl e.g. benzyl or 1- or 2-phenethyl, C,-
Cg-alkoxy such as methoxy, ethoxy, isopropyloxy, tert-butyloxy, n-octyloxy, and the index “n”
corresponds to the valence of the element M’. R; can only represent one leaving group such
as halogen.

A preferred compound of formula (Il d) comprises corresponding alkaline metal hydride or
amide such as NaH, KH, NaNH,, KNH,; CaH, and MgH,, a corresponding alkaline metal
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organyl, for example, M'-C;-Cg-alkyl such as isobutyl-Li, butyl-Li, isobutyl-Li, tert-butyl-Li, n-
hexyl-Li, n-hexyl-Li.

A preferred compound of formula (Il d) comprises a corresponding alkaline metal aicoholate
such as sodium or potassium C,-Cs-alkanolate. |

A preferred compound of formula (Il d) comprises a corresponding Cy-Cg-alkyl, C5-C;-
cycloalkyl, phenyl or substituted phenyl organyl formed with B or Al such as trimethyl-Al,
triethyl-Al, or a corresponding C,-Cg-alkcxy organy! formed with B or Al such as trimethoxy-
B, triethoxy-B, triisoproyloxy-B, tri-butyloxy-B and tri-n-butyloxy-B.

A preferred compound of formula (Il d) comprises a corresponding halide of C,-Cg-alkyl,
phenyl-C,-C,-atkyl, C,-C,-cycloalkyl, phenyl or substituted phenyl organyl formed with Si
such as trimethyl-Si-chloride, triethyl-Si-chloride, tribenzyl-Si-chloride, tert-buty-diphenyl-B-
chloride, and triphenyl-Si-chloride.

Most preferred is LiH, but also trimethyl-Al and triethyl-Al.

A reactive group of a compound of formula (Il a), for example, a corresponding OH group,
can also be protected, for example, by a suitable OH protecting group.

Most angiotensin Il receptor antagonists have two essential structural elements, the so-
called “core element” and the “pharmacophore element”.

Examples for corresponding angiotensin Il receptor antagonists can be taken from foliowing
table:
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[+ 3\/(
I ~
C
®

Losartan {MSD}

1 g 3 3 34
J

Irbesartan
{Sanofi, BMS)

Candesartan-Cilexetll {Takeda)
e
/IQ" i LNy
O
(Wyeth-Ayerst) Milfasartan

{Lusofarmaco, Menarini) FK-739 [Fujisawa}

L

Elisartan
{Hafslund, Nycomed)

oH
0 /Nw

PR

_x - A
k @ PF ,P‘N @ i O l‘l’? /‘u
HO
13- O rC > ®
Olmesartan
(Sankyo, Recordati) UR-7247 {Urlach) YM-358 (Yamanouchl) KRH-94 (Kissel) SC.52458 (Searla)

The core part of angiotensin Il receptor antagonists comprises e.g. core elements derived
from above table, for example, following structural elements:

CH,
| | | |
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. HO 0 - and

H,C._ _CH,
0

Hoj]/:\’“ )J\/\/CH3
o | |

3

A further preferred core part of an angiotensin |l receptor antagonist has following structure:
H,C '
H,E H,C

j\&cm

[a) o]

The pharmacophore element of corresponding angiotensin Il receptor antagonists is
represented by formula

N=N
[\
HN /N

) Q O
C
H,"
(Il a)

or is a tautomeric form thereof.

A tautomeric form of the side chain of formula (Il a) is represented by formula {1}l b)
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N—N

i\

N~ N
C
H, Q O

(1 b).

The present invention likewise relates to a process for the manufacture of said angiotensin Il
receptor antagonists having as structural feature side the chain of formula (il a) is

represented by formula

N=N
/[
HN_ N

C
H,

(H1 a)
or a tautomeric form thereof, especially of . angiotensin |l receptor antagonists as shown in

above table.

The present invention likewise relates to a process for the manufacture of said angiotensin |1
receptor antagonists having as structural feature a tetrazol ring, e.g. of formula (IV),
N—=N

\
HN._ N

O

(V)
or a tautomeric form thereof, wherein Rx represents a structural element corresponding to
the relevant “core elements” derived from the above table, especially a structural element

selected from the group consisting of
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(derived from losartan - cf. EP 253310);

|
WAV
0 ™y

(derived from irbesartan - cf. EP 454511);

CH,
N N A OH
N \
gN\ |)J\/
b (derived from UR-7247);
N
»‘ ‘)/\CH3
N
0 [o] |

(derived from candesartan-cilexetril- EP
459136);
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N
Lo
Y CH,
|
HO o (derived from candesartan); and
Hsc\/CHSO

Ho. k/\/cn
\‘.(\N 3
5 |

(derived from valsartan - cf. EP 443983);
HC on ‘

H,C x HiG

o, J \
N
4 |

o

e (derived from olmesartan — cf. EP 503785)
or, in each case, a salt thereof.

This process is characterized by reacting a compo&nd of formula (IV a)
N

OO
(Iva),

wherein Rx has the meanings as given above,

with a compound of formula (R,)}(R;)M-N, (Il b’}), wherein R, and R;, independently of one

another, represent an organic residue; and isolating the resulting compound of formula (IV).

A preferred angiotensin |l receptor antagonist is the compound of formula
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N“ “NH
\ /
N=N

(IV b) or a tautomer thereof.

A preferred variant of the process according to the present invention for the manufacture of
a compound of formula (IV b) is characterized by reacting a compound of formula (IV c)

~ o
HO ;
0

N
'
Cc
HZ

|

N (IVc)
or an ester thereof with an azide of formula (R,)(R;)M-N; (llb), wherein R, and R,,
independently of each other, have the meanings as defined above, and isolating the
compound of formula (IV b).

An ester of a compound of formula (IV c) is, for example, an ester derived from an aliphatic,
araliphatic, cycloaliphatic, cycloaliphatic-aliphatic or aromatic alcohol. Preferred is a C4-Co-

alkyl ester or a aryl-C,-C,-alky! ester, most preferred a benzylester thereof.

A preferred embodiment of the present invention is a process for the manufacture of a

compound of formula



A
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N—=N
[\
HN._ N

V)
a tautomeric form thereof wherein Ry represents C,-Cg-alkyl such as methyl; C,-Cg-alkyl ‘
substituted by X' and X’ being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, or an acetal of formyl; and X, being in a benzylic position, comprising reacting
a compound of formula (IV a)
N

O~
va)

with.a compound of formula {R,){R;)-M-N; (Il b), wherein R, and R,, independently of one

another, represent an organic residue; and isolating the resulting compound of formula (V).

An acetal of a formyl group is, for example, the corresponding di-C,-Cgalkoxymethyl such as
dimethoxy- or diethoxy-methyl, or methylene-oxy-C,-Cg-alkylene-oxy such as methyleneoxy-
ethyleneoxy.

The present invention likewise relates to the above reaction. Furthermore, the present
invention relates fo the compounds of formula (V) or a tautomer or a salt thereof in a form
being completely free of tin. The present invention also relates to compounds of formula (V)
whenever obtained according to above reaction.

A variant of the process for the manufacture of the compound of formula (V) is a process for
the manufacture of a compound of formula (Vi)

.N=—N
[\
HN__ - N

o

2O

(Vi)
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or a tautomer or salt thereof, comprising
(a) freating a compound of formula (VI a)

N
|

OO
(Vl a),
wherein X represents a leaving group, first with a nucleophilic agent and then with a
“solvolytic” base resulting in a compound of formula (V! b)
N

HO

(VI b);
(b) reacting a compound of formula (V b) with an azide of formula (R,)(R,)M-N, (Ii b),
wherein the variables R, and R,, independently of one another, have the meanings as
defined above; resulting in a compound of formula (VI c)
N=N

;o\
HN, N

3

(VI c) or a tautomer or salt thereof
(c) oxidizing a compound of formula (V1 c) or a tautomer or salt thereof resuiting in a
compound of formula (V1)

N—N

\
HN /N

T o}
~—

(V1)
or a tautomer or salt thereof; and
(d) isolating the compound of formula (V1) or a tautomer or salt thereof.

~—y
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The present invention relates to each of reaction steps (a) to (c) and to the product obtained
according to the complete reaction sequence, but also according to each of reaction steps
(a) to (c).

The reactions described above and below in the variants are carried out in a manner known
per se, for example in the absence or, customarily, in the presence of a suitable solvent or
diluent or a mixture thereof, the reaction, as required, being carried out with cooling, at room
temperature or with warming, for example in a temperature range from about -80°C up to the
boiling point of the reaction medium, preferably from about -10° to about +200°C, and, if
necessary, in a closed vessel, under pressure, in an inert gas atmosphere and/or under
anhydrous conditions.

Step (a) is carried out, for example, in the presence of a base, e.g. first a nucleophilic agent
followed by treatment with a saponifying base.

A suitable nucleophilic agent is, for example, an alkaline metal salt of a C,-C,,-
alkanecarboxylic acid, especially of a C;-Cs-alkanecarboxylic acid, an araliphatic carboxylcic
acid or an aromatic carboxylic acid, or aliphatic ammonium acetates, especially tetra-C;-C;-
alkyl-ammonium acetates. Examples comprise e.g. lithium acetate, sodium acetate,

potassium acetate, and tetraethylammonium acetate.

Suitable saponifying bases are, for example, alkali metal hydroxides, hydrides,
amides, alkanolates, carbonates, or lower alkylsilylamides, naphthaleneamines,
lower alkylamines, basic heterocycles, ammonium hydroxides, and carbocyclic
amines. Examples which may be mentioned are sodium hydroxide, sodium
hydride, sodium amide, sodium methoxide, sodium ethoxide, potassium tert-
butoxide, potassium carbonate, benzyltrimethylammonium hydroxide, 1,5-
diazabicyclo[4.3.0Jnon-5-ene (DBN) and 1,8-diaza-bicyclo[5.4.0Jundec-7-ene
(DBU), the last two bases preferably in the presence of water.

Suitable saponifying bases are preferably used in the presence of water. At least
stochiometric amounts of water is used, especially a molar access of water is

preferred.
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Likewise, in a specially preferred embodiment Step (a) is carried out in the
presence of'a phase transfer catalyst, for example, those known in the art.
Suitable phase transfer 6atalysts comprise tri-C,-Cg-alkyl-ar-C,-Czalkyl-ammonium
halides such as corresponding chlorides or bromides, tetra-C,-C;-alkyl-ammonium
halides such as corresponding chlorides or bromides, di-C,-Cs-alkyl-diar-C,-
Csalkyl-ammonium halides such as corresponding chlorides or bromides.
Examples are tetrabutyl ammonium bromide or triethylbenzylammonium chloride.

More than one mol equivalent of a base is normally used, preferably from 1.1 to 1.5
equivalents.

An inert solvent or a mixture of solvents is used. Suitable solvents comprise e.g. )
hydrocarbons such as heptane, octane, toluene or xylene, a halogenated hydrocarbons
such as methylenechloride, 1,2-dichloroethane, chlorobenzene, fluorobenzene or
trifluorobenzene.

The reaction temperature is, for example, from 0°C to the bailing point of the solvent,
preferably from 0°C to 130°C, more preferably from 40°C to 80°C.

The present invention relates to the reaction Step (a). This reaction step comprises two
separate steps and it is suprising that the yield is nearly quantitative (> 99% by weight
theory). The present invention also relates to compounds of formula (VI b) whenever

obtained according to process Step (a).

Step (b): The molar ratio of an azide of formula (li b) and a nitrile of formula (VI b) is in a
range from 5 to 1, preferably, from 3 to 1, most preferably, from 1,8 to 1 or from 1,2 to 1.

An inert solvent, diluent or mixture thereof should be selected which means that it cannot
react with the starting material or intermediates. A suitable solvent is, for example, selected
from the group consisting of aliphatic, cycloaliphatic and aromatic hydrocarbon, such as an
C:-C,,-alkane e.g. heptane, a cycloalkane such as cyclohexane; an alkylated C;-
C,cycloalkane such as methyl-cyclohexane or 1,3-dimethyl-cyclohexane, an alkylated
benzene such as ethylbenzene, toluene, xylene, cumene, or mesitylene; a halogenated
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aromatic solvent such as chiorobenzene, chlorotoluene, dichlorobenzene, and
trifluoromethylbenzene; a halogenated hydrocarbon, for example, a halogenated aromatic
compound, such as chlorobenzene. Furthermore, a suitable solvent, diluent or mixture

thereof should have a boiling point that is high enough to be used under the reaction
conditions.

Preferred solvents or diluents are aliphatic hydrocarbons, for example, C¢-Cealkanes such as
heptane; aromatic hydrocarbons, for example, phenyl substituted by C,-C,alkyl such as
toluene or xylene, or mixtures thereof.

The reaction temperature is preferred in the temperature range of from room temperature to
the boiling point of the solvent, diluent or mixture thereof, for example, a reaction
temperature range is from about 20°C to about 170°C, preferably, from about 60°C to about
130°C, depending on the reactivity and combination of the reactants. A person skilled in the
art is fully enabled to select corresponding suitable solvent and diluent systems and reaction,
conditions adapted to the choice of the solvent system and reactants.

The reaction is most preferably carried out under anhydrous conditions.

In a preferred embodiment of the present invention, the invention is carried out in a
temperature range of from 80 to 120°C , preferably between 90 and 110°C.

The present invention likewise relates to reaction Step (b). Furthermore, the present
invention relates to the compounds of formula (VI ¢) or a tautomer or a salt thereof in a form
being completely free of tin. The present invention also relates to compounds of formula (VI
¢} whenever obtained according to process Step {b).

Step (c): The oxidation is carried out in the presence of a suitable oxidizing agent.

A suitable oxidizing agent is for example, an alkali metal hypochlorite such as lithium or
sodium or potassium hypochlorite, calcium hypochlorite, “a Tempo” or an analogue (cf.
Fluka) thereof or an oxidizing agent selected from the group consisting of HNO,, HNO, or

corresponding anhydrides thereof, and peroxodisulfates.
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When using e.g. an alkali metal hypochlorite as oxidizing agent, the oxidation is carried out,
for example, in an inert solvent, e.g. a solvent that is inert against oxidation, such as a lower
alkanecarboxylic acid, for example acetic acid, a heterocyclic aromatic, for example pyridine,
a halogenated hydrocarbon, alkane nitrile, for example, acetonitrile, or water or a mixture
thereof, if necessary with cooling or warming, for example from about 0° to about 50°C, for
example, at room temperature. In a preferred variant, the reaction is carried out in an
aqueous medium and in the presence of a base. A suitable base is, among others, an
alkaline carbonate, such as potassium carbonate.

When using oxidizing agents such as HNO,, HNO; or corresponding anhydrides thereof, or
peroxodisulfates, especially nitric acid, in a preferred variant an alkylated aromatic
hydrocarbon such as toluene or xylene may be used as solvent. In a preferred variant of the
oxidization with as HNO,, HNO; or corresponding anhydrides thereof, or peroxodisulfates,
the reaction is preferably carried out in a temperature range from about 0°C to room
temperature or to 60°C. Surprisingly, no oxidation of the solvent is observed; i.e. the methyl
groups in toluene or xylene are resistant to oxidation. Accordingly, the use of oxidizing
agents such as HNO,, HNO; or corresponding anhydrides thereof, or peroxodisulfates is
likewise a subject matter of the present invention as is reaction Step c), especially when
using as oxidizing agents such as HNO,, HNO, or corresponding anhydrides thereof, or
peroxodisulfates in the an alkylated aromatic hydrocarbon solvent, especially in toluene and
xylene. In another preferred variant, HNO; is used in water free form or in an aqueous
solution from about 40% to about 95%, preferably from 40 to 65 %.

The use of oxidizing agents such as HNO,, HNO, or corresponding anhydrides thereof, or
peroxodisulfates, especially nitric acid, provides surprising results. For example, the
corresponding oxidization to an aldehyde is effected without further oxidizing the aldehyde
function to the carboxy group. Accordingly, the use of said oxidizing agents is likewise a
subject matter of the present invention.

The present invention also relates to compounds of formula (V1) whenever obtained

according to process Step (c).

Step (d): The isolation step of a compound of formula (VI) is carried out according to
conventional isolation methods, such as by crystallizing the resulting compound of formula
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(V1) from the reaction mixture — if desired or necessary after work-up, especially by

extraction - or by chromatography of the reaction mixture.

The present invention furthermore relates to a process for the manufacture of the compound
of formula (IV b)

o

lil)J\/\/
TN

/NH
NN

~

(IV b)
or a tautomer thereof or a salt thereof, comprising

(") reacting a compound of formula (V1)

HN /N

(Vi)

or a tautomer or salt thereof or a salt thereof, wherein the tetrazole ring is unprotected or
protected by a tetrazole protecting group, with a compound of formula (VII1 b)

ORz,
H,N

o (VI b)
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or a sali thereof, wherein R,, represents hydrogen or a carboxy protecting group, under the
conditions of a reductive amination; and

(b) acylating a resulting compound of formula (Vi c)

\/
Rz,0 :
TH
N“ “NH
\ /
N=N

(VI ¢), or a tautomer thereofor a salt thereof,
with a compound of formula (VIIl d), wherein R,, represents hydrogen or a carboxy
protecting group and wherein the tetrazole ring is unprotected or protected by a tetrazole
protecting group, with a compound of formula (VI d)
o]
H,C Rz
Z (Vi d)

wherein R, is an activating group; and,and,
(¢ if R, is different form hydrogen, and/or the tetrazole ring is protected by a protecting
group, removing the protecting group(s) in a resulting compound of formula (VHil )

N7 “NH
\
N=N (VI e) or a tautomer or a salt thereof;, and

(d") isolating a resulting compound of formula (IV b) or a salt thereof; and, if desired,

converting a resulting free acid of formula (IV b) into a salt thereof or converting a resulting

salt of a compound of formula (IV b) into the free acid of formula (IV b) or converting a

resulting salt of a compound of formula (IV b) into a different salt.
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The present invention likewise relates to a process for the manufacture of a compound of
formula (IV b) or a tautomer or a salt thereof comprising the reaction sequence comprising
the full sequence comprising steps (a) to (¢) for the manufacture of a compound of formula
(V1) and then subsequent steps (') to (d’) for the manufacture of a compound of formula (IV
b).

The reactions described above and below in the variants are carried out, for example, in the
absence or, customarily, in the presence of a suitable solvent or diluent or a mixture thereof,
the reaction, as required, being carried out with cooling, at room temperature or with
warming, for example in a temperature range from about -80°C up to the boiling point of the
reaction medium, preferably from about -10°C to about +200°C, and, if necessary, in a
closed vessel, under pressure, in an inert gas atmosphere and/or under anhydrous
conditions.

Compounds of formulae {VIII a), (VIII b), (VIll ¢) and (VIl ), wherein either or both of R, and
R, are hydrogen can form salts with bases, as both the unprotected tetrazole ring and the
unprotected carboxy group have acidic properties, while compounds of formulae (VIII b) and
(Vili ¢) can also form salts with acids.

A corresponding tetrazole protection group is selected from those known in the art.
Especially, the tetrazole protecting group is selected from the group consisting of tert-C,-C;-
alkyl such as tert-butyl; C,-C,-alkyl that is mono-, di or trisubstituted by phenyl, such as
benzyl or benzhydry! or trityl, wherein the phenyl ring is un-substituted or substituted by one
or more, e.g. two or three, residues e.g. those selected from the group consisting of tert-C,-
C,-alkyl, hydroxy, C,-C,alkoxy, C,-C,-alkanoyl-oxy, halogen, nitro, cyano, and frifluoromethyl
(CF3); picolinyl; piperonyl; cumyl; allyl; cinnamoyl; fluoreny; silyl such as iri-C,-C-alkyl-silyl,
for example, trimethyl-silyt, triethylsilyl or tert-butyl-dimethyl-silyl, or di-C,-C,-alkyl-phenyl-
silyl, for example, dimethyl-phenyl-silyl; C,-C;-alkyl-sulphonyl; arylsulphonyl such as
phenylsulphonyl wherein the phenyl ring is un-substituted or substituted by one or more, e.g.
two or three, residues e.g. those selected from the group consisting of C,-C,-alkyl, hydroxy,
C,-C;-alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro, cyano, and CF;; C,-Cy-alkanoyl such as
acetyl or valeroyl; and esterified carboxy such as C,-C;-alkoxy-carbony, for example,
methoxy-, ethoxy- or tert-butyloxy-carbonyl; and allyloxycarbonyl. Examples of preferred

<9
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protective groups which may be mentioned are tert-butyl, benzyl, p-methoxybenzyl, 2-
phenyl-2-propy!, diphenylmethyl, di(p-methoxyphenyl)methyl, trityl, (p-
methoxyphenyl)diphenylmethyl, diphenyl(4-pyridyl)methyl, benzyloxymethyl, methoxymethyl,
ethoxymethyl, methylthiomethyl, 2-tetrahydropyranyl, allyl, trimethylsilyl and triethylsilyl.

A corresponding carboxy protecting group (R,,) is selected from those known in the art.
Especially, R,, is selected from the group consisting of C,-C,-alkyl such as methyl, ethyl or a
tert-C,-C;-alkyl, especially tert-butyl; C,-C,-alkyl that is mono-, di or trisubstituted by phenyl,
such as benzyl or benzhydryl, wherein the phenyl ring is un-substituted or substituted by one
or more, e.g. two or three, residues e.g. those selected from the group consisting of C,-C;-
alkyl, hydroxy, C,-C,-alkoxy, C,-C;-alkanoyl-oxy, halogen, nitro, cyano, and CF;; picolinyl,
piperonyl; allyl; cinnamyl; tetrahydrofuranyl; tetrahydropyranyl; methoxyethoxy-methyl, and
benzyloxymethyl. A preferred example of protective groups which may be mentioned is
benzyl.

The activating group R,, is, for example, an activating group that is being used in the field of
peptides, such as halogen such as chlorine, fluorine or bromine; C,-C;-alkylthio such as
methyl-thio, ethyl-thio or tert-butyl-thio; pyridyl-thio such as 2-pyridyl-thio; imidazolyl such as
1-imidazolyl; benzthiazolyl-oxy such as benzthiazolyl-2-oxy-; benzotriazol-oxy such as
benzotriazolyl-1-oxy-; C,-Cg-alkanoyloxy, such as butyroyloxy or pivaloyloxy; or 2,5-dioxo-
pyrrolidinyl-1-oxy. Examples of an activating group which may be mentioned are 7?7

Step (a’):

In reaction Step (&), the reductive amination is carried out in the presence of a reducing
agent. A suitable reducing agent is a borohydride, which may also be in a complexed form,
or hydrogen or a hydrogen denor both in the presence of a hydrogenation catalyst.

Furthermore, a reducing agent is a suitable selenide or a silane.

A suitable borohydride or a complexed borohydride is, for example, an alkali metal
borohydride such as sodium borohydride or lithium borohydride; an earth alkali metal
borohydride such as calcium borohydride; an alkali metal cyanoborohydride, such as sodium
cyanoborohydride or fithium cyanoborohydride, an alkali metal tri-(C,-C;-alkoxy)-borohydride
such as sodium trimethoxy-ethoxy-borohydride; a tetra-C;-C;-alkylammonium-
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(cyano)borohydride such as tetrabutylammonium-borohydride or tetrabutylammonium-
cyanoborohydride.

A suitable catalyst for the reductive amination with hydrogen or a hydrogen donor is, for
example, nickel, such as Raney nickel, and noble metals or their derivatives, for example
oxides, such as palladium, platinium or platinum oxide, which may be applied, if desired, to
support materials, for example to carbon or calcium carbonate, for example, platinium on
carbon. The hydrogenation with hydrogen or a hydrogen donor may preferably be carried
cut at pressures between 1 and about 100 atmosphere and at room temperature betwesn

about -80° to about 200°C, in particular between room temperature and about 100°C.

A preferred hydrogen donor is, for example, a system comprising 2-propanol and, if desired,
a base, or, most preferably, formic acid or a salt thereof, e.g. an alkali metal, or tri-C,-C,-
alkyl-ammonium salt thereof, for example, the sodium or the potassium salt thereof, if
desired, in the presence of a tertiary amine, such as triethylamine. Further hydrogen donors
comprise other alcohols such as ethanol, 2-methoxyethanol, benzyl alcohol, benzhydrol,
pentan-2-ol, 1,2-ethandiol, 2,3-butandiol or cyclohexandiol, hydrazine, cyclohexene,
cyclohexadiene, indane, tetralin, indeline, tetrahydroquinoline, hydroquinone,
hypophosphinic acid or a suitable salf thereof such as the sodium salt thereof, sodium
tetrahydroborate, sugars, ascorbic acid, limonene, or silanes. The hydrogen donor may also
be used as solvent, especially 2-propanol or formic acid.

A suitable selenide is, for example, selenophenol which is unsubstituted or substituted.
Suitable substituents comprise, for example, one, two or three substituents selected from
e.g. halo, trifluoromethyl, triflucromethoxy, C,-C,-alkyl, C,-C;-alkoxy, nitro, cyano, hydroxyl,
C,-C,,-alkanoyl, C,-C,,-alkanoyloxy, and carboxy. Those silanes are preferred that are
completely soluble in the reaction medium and that may moreover produce organic soluble
by-products. Especially preferred are tri-C,-C;-alkyl-silanes, especially triethylsilane and tri-
isopropyl-silane. Preferred are commercially available selenides.

A suitable silane is, for example, sitane which is trisubstituted by a substituent selected from
the group consisting of C,-C,,-alkyl, especially C,-C,-alkyl, and C,-Cjp-acyl, especially C,-Cs-
acyl. Preferred are commercially available silanes.
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The reductive amination is preferably carried out under acidic, neutral or preferably under
basic conditions. A suitable base comprises, for example, an alkali metal hydroxide or
carbonate, such as sodium hydroxide, potassium hydroxide or potassium carbonate.
Furthermore, an amine base can be used, for example, tri-C,-C;-alkylamine, such as
triethylamine, tri-n-propylamine, tri-butylamine or ethyl-diisopropylamine, a piperidine, such
as N-methyipiperidine, or a morphotine, such as N-methyl-morpholine. Preferred bases
include lithium 'hydroxide, sodium hydroxide, sodium hydrogencarbonate, sodium carbonate,
potassium hydrogencarbonate and potassium carbonate. Especially preferred is sodium
hydroxide, sodium carbonate or tri-n-propylamine.

The reductive amination is carried out in a suitable inert solvent or a mixture of solvents
including water. Inert solvents conventionally do not react with the corresponding starting
materials of formulae (VIIl a) and (VI b). If an alkali metal borohydride such as sodium
borohydride or lithium borohydride; an earth alkali metal borohydride such as calcium
borohydride; an alkali metal cyanoborohydride, such as sodium cyanoborohydride or lithium
cyanoborchydride, is used as reducing agent, for example, a polar solvent, for example, an
alcohol such as methanol, ethanol, isopropanol or 2-methoxyethanol, or glyme, is preferred.
If an alkali metal tri-(C,-C;-alkoxy)-borohydride such as sodium trimethoxy-ethoxy-
borohydride; a tetra-C,-C,-alkylammonium-{cyano)borohydride such as tetrabutylammonium-
borohydride or tetrabutylammonium-cyanoborohydride, is used as reducing agent, for
example, hydrocarbons, such as toluene, esters such as ethylacetate or isopropylacetate,
ethers such as tetrahydrofuran or‘tert-butylmethylether are preferred. If hydrogen or a
hydrogen donor is used as reducing system, each in the presence of a hydrogenaticn
catalyst, a polar solvent is preferred. The reductive amination can also be carried out e.g. in
a mixture of an organic solvent with water, both mono- and biphasic. In a biphasic system a
phase transfer catalyst such as tetrabutylammoniumhalide, e.g. bromide, or
benzyltrimethylammonium halide, e.g. chloride, may be added.

If R,, represent a protecting group and the tetrazole ring is protected and if the compound of
formuta (VIII b) is a free base, the presence of a base is not required. [f, however, R, is
hydrogen and the tetrazole ring is protected by a protecting group, not more than a molar
equivalent of a base may be added. In order to avoid racemisation, the reaction is
preferably carried out by using less than an equimolar amount of a base. If Ry, is hydrogen

and the tetrazole ring is not protected, no racemisation is observed even if the reaction is
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carried out with equal or more than one equivalent of base under mild conditions, preferably
at temperatures between -10°C and 20°C. '

The reaction of a compound of formula (Vill a) with a compound of formula (VI b) results in
an intermediately formed imine {Schiff base) of formula {VHI ¢”)

<

N“ “NH
\
N=N  vic")
or a tautomer or a salt thereof, whwerein R,, has the meaning as given above and wherein
fhe tetrazole ring is unprotected or protected by a tetrazole protecting group
that can, under certain reaction conditions, be isolated or that can be subjected to the

reduction without isolation.

The reductive amination is a two-step reaction, the formation of an imine by removing water,
followed by the reduction step. The removal is an equilibrium reaction, which can be
directed to the formation of an imine by continously eliminating the water, for example, by
azeotropic removal. Furthermore, a water scavenger may be used to remove or inactivate
free water which may be effected by a physical process such as absorption or adsorption or
by a chemical reaction. A suitable water scavenger includes without limitation anhydrides of
organic acid, aluminosilicates such as molecular sieves, other zeolites, finely divided silica
gel, finely divided aluminia, anhydrides of inorganic acids such as phosphoric anhydride
(P,05), inorganic sulfates such as calcium sulfate, sodium sulfate, and magnesium sulfate,

and other inorganic salts such as calcium chloride.

If Step (a’) is carried out via first manufacturing and isolating a compound of formula (VIll ¢”),
a compound of formula (VI a) is reacted with a compound of formula (VIil b), maybe in the

presence of a base, if R, is hydrogen and the tetrazole ring is not protected.. Compounds of
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formuta (VIIl ¢ can then be converted into corresponding compounds of formula (VI ¢’) by
reducing the compounds of formula (VIIl ¢’} with a corresponding reducing agent as
mentioned above.’

The intermediate imine of formula (VIll ¢”) can, for example, be isolated by removal of the
solvent, e.g. by distillation, especially by azeotropic removal of water.

In a preferred variant, the reductive amination is carried out without isolating a compound of

formula (V1ll ¢’).

The reductive amination is most preferably carried out without removal of free water,
especially, if R,, is hydrogen and the tetrazole ring is not protected and with a base such as
sodium hydroxide, a solvent such as methanol and a reducing reagent such as sodium
borohydride.

In view of the imine structural element, compounds of formula (VI ¢”) comprise both the
corresponding E and the corresponding Z isomer thereof. Preferred is the E isomer.

The present invention likewise relates to compounds of formula (Il ¢') wherein R, is hydrogen
or a tetrazole protecting group and wherein R, is hydrogen or a carboxy protecting group.
Corresponding compounds can be used as intermediates for the manufacture of the
compound of formula (1). Preferred are compounds of formula (Il ¢’), wherein at least one of
R, and R, represents hydrogen or both of R, and R, represent hydrogen.

The compounds of formulae (VIll a) and (VIH b) are partially known and can be prepared

according to methods known per se.

Step (a’) is preferably carried out under mild conditions, especially in a temperature range of
about -10°C to about room temperature, preferable in a range of about -5°C and +5°C.

Step (b’):

In reaction Step (b’), the acylation is carried out, for example, in absence or in presence of a

suitable base.
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Suitable bases are, for example, atkali metal hydroxides or carbonates,
morpholine or piperidine amines, unsubstituted or substituted pyridines, anilines,
naphthalene amines, tri-C,-C;-alkylamines, basic heterocycles or tetra-C,-C;-alkyl-
ammonium hydroxides. Examples, which may be mentioned, include sodium
hydroxide, potassium carbonate, triethylamine, tri-propyl-amine, tri-butyl-amine or
ethyldiisopropylamine, N-methyl-morpholine or N-methyl-piperidine, dimethyl-
aniline or dimethylamino-naphthalene, a lutidine, a collidine, ar
benzyltrimethylammonium hydroxide. A preferred base is a tri-C,-C,-alkylamine

such as ethyl-diisopropyl-amine or is pyridine.

The acylation is carried out in a suitable inert solvent or in a mixture of solvents.
The person skilled in the art is fully enabled to select a suitable solvent or solvent
system. For example, an aromatic hydrocarbon such as toluene, an ester such as
ethylacetate or a mixture of ethylacetate and water, a halogenated hydrocarbon

* such as methylene chloride, a nitrile such as acetonitrile of proprionitrile, an ether

| such as tetrahydrofurane or dioxane, 1,2-dimethoxy-ethane, amide such as

dimethylformamide, or a hydrocarbon, such as toluene, is used as solvent.

During the acylation of a compound of formula (VIIl ¢}, if R, is hydrogen, the
carboxyl-group might also be acylated forming a mixed anhydride. This
intermediate is strongly prone to racemisation, mainly under basic conditions.
Racemisation however can be avoided by first adding the compound of formula
(VIIl d), especially the halide, to the compound of formula (Vilic) in a suitable inert
solvent (e.g. dimethoxyethane, tetrahydrofuran or acetonitril), then slowly adding a
sub-stoichiometric amount of the base, especially pyridine, in relation to the
compound of formula (VIil d). Small amounts of water in the reaction mixture,

preferably two equivalents, may additionally suppress racemisation.

The reaction can also be carried out by simultaneous or alternative addition of a
compound of formula (VH! d) and a base such as pyridine keeping the reaction
mixture acidic at all times.
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If R, represents a protecting group and the tetrazole ring is unprotected or
protected by a protecting group, for example, two equivalents of both a compound
of formula (VIII d), e.g. the corresponding halide thereof, and a base, e.g. ethyl-
diisopropyl-amine or tri-n-propylamine are added to a corresponding compound of
formula (VIIl ¢) dissolved in a suitable solvent, e.g. toluene. No racemisation is
observed.

If the tetrazole ring is unprotected and R,, is a protecting group, the tetrazole ring
might also be acylated. When, however, the reaction mixture is quenched, for
example with water or an alcohol such as methanol, the corresponding compound
can be obtained wherein the tetrazole ring is unprotected.

Compounds of formula (VIII d) are known or can be manufactured according to
methods known per se.

Step (¢'):
The removal of the protecting groups, both the tetrazole and carboxy protecting
group, ¢an be carried out according to methods known per se in the art.

For example, a benzylester can be converted into the corresponding acid
especially by hydrogenation in the presence of a suitable hydrogenation catalyst.
A suitable catalyst comprises, for example, nickel, such as Raney nickel, and
noble metals or their derivatives, for example oxides, such as palladium or
platinum oxide, which may be applied, if desired, to support materials, for example
to carbon or calcium carbonate. The hydrogenation may preferably be carried out
at pressures between 1 and about 100 atm. and at room temperature between
about -80° to about 200°C, in particular between room temperature and about
100°C.

The removal of a trityl or tert-butyl group, respectively, can be achieved by treating
corresponding protected compounds with an acid, especially under mild

conditions.

Step (d'):

A
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The isolation Step (d') of a compound of formula {IV b) is carried out according to
conventional isolation methods, such as by crystallizing the resulting compound of formula
(IV b) from the reaction mixture — if desired or necessary after work-up, especially by

extraction - or by chromatography of the reaction mixture.

The conversion of an acid of formula (IV b} into a salt is carried out in a manner known per
se. Thus, for example, a salt with a base of compounds of the formula (IV b) is obtained by
treating the acid form with a base. Salts with a base can, on the other hand, be converted
into the acid (free compound) in a customary manner, and salts with a base can be
converted, for example, by treating with a suitable acid agent.

Accordingly, variable R comprises the meanings of variables Rx, Ry and also represents
formyl as well as the core elements corresponding to angiotensin il receptor antagonists,
especially those that are listed in the above table.

Another embodiment of the present invention is the use of a compound of formulae (V] a),
(VIb), or (V'I ¢) for the manufacture of a compound of formula (1V a), especially (1V b) or
tautomer or a salt thereof, by carrying out corresponding reaction steps as described
hereinbefore and hereinafter. .

A further preferred embodiment of the present invention is a process for the manufacture of

a compound of formula

N=N
[\
HN_ N

Ry

(viIr)
a tautomeric form thereof, wherein Ry represents C,-Cy-alkyl such as methyl; C,-C,-alkyl
substituted by X’ and X’ being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, or an acetal of formyl; comprising reacting a compound of formula (VI ")
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Ry

(VIl a’)
with a compound of formuta (R,){R;)M-N; (Il b), wherein R, and R,, independently of cne
another, represent an organic residue; and isolating the resulting compound of formuia (VII').

A further preferred embodiment of the present invention is a process for the manufacture of

a compound of formula

N=N
/A
HN._ N

Ry

(V1)
a tautomeric form thereof, wherein Ry represents C,-Cy-alkyl such as methyl; C,-C,-alkyl
substituted by X' and X’ being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, formyl or an acetal thereof; comprising reacting a compound of formula (VIl a)

N
i

Ry

(VI a)
with a compound of formula (R,)}{R;}M-N; (11 b), wherein R, and R,, independently of one
another, represent an organic residue; and isolating the resulting compound of formula (VIt).

The present invention likewise relates to the above reaction. Furthermore, the present
invention relates to the compounds of formula (V1) or a tautomer or a salt thereof in a form
being completely free of tin. The present invention also relates to compounds of formula

(V1) whenever obtained according to above reaction.

The isclation step of a compound of formulae (V1) or (VII) or (VII'), respectively, is carried out
according to conventional isolation methods, such as by crystallizing the resulting compound
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of formula (V1) ) or (V11), respectively, from the reaction mixture or by chromatography of the
reaction mixture,

The conversion of an acid into a salt is carried out in a manner known per se. Thus, for
example, a salt with a base is obtained by treating the acid form with a base. Salts with a
base can, on the other hand, be converted into the acid (free compound) in a customary
manner, and salts with a base can be converted, for example, by treating with a suitable acid
agent.

The present invention likewise relates to a compound of formulae (I}, (IV), (IV b), (V}, (VI),
(VI), (VII'y or a tautomer or salt thereof in a form being completely free of tin.

The present invention likewise relates to the use of a compound of formula (1l b) in a process
for the manufacture of a compound of formulae (1), (IV), (IV b), (V), (V), (VI), (VII') or a
tautomer or salt thereof, especially in a form being completely free of tin.

The invention relates o the compounds obtained according any process of the present

invention.

The examples outline specific embodiments of the present invention, but are not to limit the

scope of the invention.

Example 1: 5-(2-Chlorophenyl)-1H-tetrazole
cl

N~
4
N/

H

Z2=Z

20 mmol (1.3 g) of sodium azide are charged to a 25 mi flask under argon atmosphere
followed by slow addition {via syringe) of 11 ml of a solution of diethyl aluminium chloride
(1.8 molar in toluene), 20 mmol, at 0 °C under stirring. The suspension is stirred over night
at room temperature. Then 2.06 g (15 mmol) solid 2-chloro-benzonitrile are added and the
mixture is heated at external temperature of 90 °C for 9 hours. After this time the conversion
was 91.5 % (HPLC). For complete conversion (> 99.5 %, HPLC) the reaction mixture is kept
for additional 6 hours at 90 °C. For work up the reaction mixture was quenched at 0 °C
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under stirring on 20 ml HCI {6N) which contains 2.6 g of NaNO, to destroy excess hydrazoic
acid. The thick white precipitate which is formed (product) is stirred at 0 °C for additional 1
hour and then filtered and dried over night at 50 °C to give the white crystalline product.
m.p. 173-175 °C

Tlc: Revalue: 0.48, toluene : EtOAG : AcOH (20 : 20 : 1); SiO, -plates.

Example 2; 5-(2-Hydroxyphenyl)-1H-tetrazole
OH
A
il
N—N
H
Method A:

286 mg of granular sodium azide { 4.4 mmol) are added to a cold solution of diethyl
aluminium chloride (4.4 mmol, 1M in toluene) and the mixture is stirred at room temperature
for 4 hours (h).

A solution of 2-hydroxybenzonitrile (4 mmol, 476 mg) in 3 m! of toluene, cooled at 0°C, is
treated with 2.2 mi of triethyl aluminium (4 mmol, 1.8 M in toluene). The mixture reaction is
warmed to room temperature and stirred for 1 hour. The mixture is cooled to 0°C, treated
with the solution of diethyl aluminium azide, gradually warmed to 85°C and stirred over two
days. The reaction mixture is cooled to -10°C and treated drop wise with 7 mi of HCI 6 N.
10 mi of ethyl acetate are added and the mixture is extracted once with 10 ml of water, once
with 10 ml of NaCl saturated. The combined aqueous layers are extracted three times with
10 ml of ethyl acetate. The combined organic phases are dried over Na,S0O,. The solvent is
removed to give the crude product.

Method B:

260 mg of granular sodium azide (4 mmol) is added to a cold solution of diethyl aluminium
chloride (4 mmol, 1.8 M in toluene) diluted with 10 ml of toluene, and the mixture is stirred at
room temperature for 4 hours. The stirred soluticn is cooled at 0°C and 238 mg of 2-
hydroxybenzonitrile (2 mmol) are added. The reaction mixture is warmed to 80°C and stirred
over night. After 20 hours the conversions was 83 %. Then the temperature is increased to
100°C and stirred 12 hours. At a conversion of around 90% the reaction is worked up. The
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reaction mixture is cooled to 0°C and treated drop wise with 7 ml of HCI 6 M, 5 ml of water,
10 ml of ethyi acetate, 8 ml of saturated NaCl (sat.) and extracted. The organic phase is
reextracted twice with 20 m! of water. The combined aqueous layers are extracted twice
with 20 ml of ethyl acetate. The combining organic phases are dried over Na,SO,. The
solvent is removed to give the crude product. The crude product is crystallized from ethyl
acetate to give the pure product.

m.p.: 220-222°C,

Tlc: Rf-—value: 0.46, toluene : EtOAc : AcOH (20 : 20 : 1).

HPLC:

Hewlett Packard, solvents. H;PO4, acetonitrile/water; flow: 2 ml/min; injection: 5.0 pl;
wavelength 220 nm, 40 °C. Column: Merck, Chromolith Performance,

RP-18e 100-4.6 mm; Ret. Time: 4.12 min.

Example 3a: 5-(4'-methylbiphenyl-2-yl)-1H-tetrazole
=N

\
A 20 ml flask is dried under argon and then charged with 7 ml of diisobutylaluminium fluoride
(1 molar in hexane) followed by 5 ml of toluene and 455 mg of NaN; (7 mmot). After stirring
the suspension for 4 hours at room temperature 966 mg of solid ortho-tolylbenzonitrile
(OTBN) is added at 0 ° C in one portion. The suspension is warmed up to 130 °C (ext.
temp.) with an internal temperature of 100 °C. After 44 h at 130 °C (ext. temp.) the
conversion is > 93 %. The reaction mixture was quenched in hydrochioric acid (6 molar).
After addition of 10 mi of toluene the layers are separated, the organic layer is washed twice
with 20 ml of water, dried over sodium sulfate and evaporated to give a crystalline residue of
the product.
Physicochemical data see example 3b.

Example 3b: 5-(4'-methylbiphenyl-2-yl)-1H-tetrazole

Same reaction as in example 3a was carried out, but with diethylaluminium azide at higher

concentration and higher temperatur:
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Under similar conditions with diethylaluminium azide (prepared from diethylatuminium
chloride and NaN,) in toluene and OTBN a conversion of 98.5 % was obtained after 40 hours
at internal temperature of ca. 110 °C (reflux), external temperatur 135 °C.

A dry 50 ml flask is charged with 5 mli toluene and 1.3 g (20 mmol) of dry sclid sodium azide.
The stirred suspension is cooled to 0 °C and 11 ml of a 1.8 molar solution of
diethylaluminium chioride (20 mmol) is added via syringe during 10 minutes. The suspension
is stirred for 4 to 6 hours or over night at room temperature. Then the suspension is cooled
to 0 °C and a solution of o-tolylbenzonitrile (2.1 g, 11 mmol) in 5 ml toluene is added
dropwise during 5 minutes. The stirred suspensiun is heated up to reflux and after 7 hours a
conversion of 54.5 % (HPLC) is obtained. After refluxing over night (17 h) a conversion of 92
% is observed. After 40 h the conversion is > 98.5 %. Thereafter the reaction is quenched
by droping the reaction mixture to cold 2 N hydrochloric acid (50 ml) under stirring to give a
white precipitate which is dissclved by addition of 20 ml of acetonitrile to give a clear
biphasic solution. The product is extracted with 50 ml of isopropy! acetate. The organic
phase is treated with aqueous pottasium carbonate solution (pH 10) until all product is
dissolved in the aqueous layer as the potassium salt. Then the basic aqueous phase is
adjusted to pH 1-2 by addition of ca. 90 m! of 2N HCI. The product is extracted twice with £§0
ml of isopropyl acetate and the organic phase is evaporated under reduced pressure to give

after drying in vacuum the very pure, white crystalline pl;oduct.

m.p.: 150-152°C; (Ref. substance: DiPharma sample: m.p. 149-151 °C)
Tle:  R; -value: 0.56, (Toluene : EtOAc : AcOH =20 : 20 ; 1), SiO,-plate (Merck KgaA)

Example 4 a: 5-(4‘-Hydroxymethylbiphenyl-2-yl}-1H-tetrazole

HO

Na NH

®

[2-(2H-Tetrazol-5-yl)-
bipheny!-4-yl}-methanol
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1.235 g of granular sodium azide (19 mmol) are added to a cold solution of diisobutyl
aluminium chloride (19 mmol, 1.8M in toluene) diluted in 5 ml of toluene and the mixture is

stirred at room temperature over the night to give diisobutyl aluminium azide.

2.1 g of 4-hydroxymethyl-biphenyl-2-carbonitrile (10 mmol), are treated, in a drop wise
manner at 0 °C with 5.52 ml of triethyi aluminium (10 mmol, 1.8M in toluene). The reaction
mixture is stirred for 5 minutes. After that, the clear colourless reaction mixture is added to
the solution of diisobutyl aluminium azide (19 mmol), gradually warmed to an internal
temperature of about 100°C and stirred over the night (conversion 95.7%). For the work up
the reaction mixture is cooled to 0°C and added dropwise to a solution of 30 ml of HCI (2 N)
containing 1.38g of NaNO, (20 mmol) (cooled to 0°C). 40 ml of iso-propyl acetate are added
and the mixture is extracted once with 15 ml of HCI 2N, once with 20 ml! of water. The
combining aqueous layers are extracted twice with 10 ml of isopropyl acetate. The organic
phase is extracted three times with 156 ml portions of an aqueous solution of K,CO, (10%).
The aqueous phase is washed once with 15 ml of isopropyl acetate. HCI (2 N) is added to
the aqueous phase to adjust the pH to 2, and the solution is extracted three times with 20 ml

portion of isopropyl acetate. The combining organic phase is washed once with 20 ml of '

water and the solvent is removed to give the crude product. The crude product is crystallized

from ethyl acetate and isopropyl ether to give the pure product.

m.p.: 137-139°C;

Tie:  Ri-value: 0.21, (toluene : EtOAc : AcOH = 20 : 20 : 1), SiO,- plates (Merck KgaA)
Catalog -Nr. 1.05628.0001)

Example 4 b: The reaction as in Example can also be carried out with diethy! aluminium
azide at higher concentration and higher temperature.

Example 5: Synthesis of 5-((E)-Styryl-2H-tetrazole

x N
H

Procedure:
To a 50 ml, three necked round bottomed flask, 10 mi of a solution of diisobutyl aluminium
fluoride (10 mmol, 1 M in hexane), diluted in 10 ml of toluene, are added. NaN, is added to

53
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the solution (650 mg, 10 mmot), and the mixture is stirred at room temperature for 4h. The
stirred solution is cooled at 0°C with an ice-bath. 0.62 ml of cinnamonitrile (5 mmol) diluted in
3 ml of toluene are added, the mixture is warmed to 90°C (i.t.) and stirred over the night. The
temperature is increased to 105°C (i.t.) and stirred over the night. After a total time of 70
hours (nc complete conversion) the reaction was quenched. The mixture is cocled to -10°C
and treated drop wise with 8 ml of HCI (6N) (pH1). The aqueous phase is extracted with 10
ml of ethyl acetate. The organic phase is washed twice with 10 ml portion of NaCl sat. and
then extracted twice with 10 ml portion of KHCO,. The water phase is washed twice with 10
ml portion of ethyl acetate and then treated with HCI to pH 1-2 and extracted three times with
ethyl acetate. The organic phase is dried over Na,SQ, and the solvent removed in vacuum to
give after drying the title product.

m.p.. 158 - 160 °C

Tle:  Rf-value: 0.46 (Toluene : EtOAc : AcOH (20: 20 :1)

Example 6: 5-(2-Fluorophenyl)-1H-tetrazole,
F

@4’“‘“
N

20 mmol (1.3 g) of sodium azide are charged to a 25 ml flask under argon atmosphere
followed by slow addition (via syringe) of 11 mi of a solution of diethyl aluminium chloride
(1.8 molar in toluene), 20 mmol, at 0 °C under stirring. The suspension is stirred over night
at room temperature. Then 1.8 g (1.2 ml), (15 mmol), 2-flucro-benzonitrile are added and
the mixture is heated at external temperature of 90 °C for 7 hours. After this time the
conversion was complete (HPLC). Work up: The reaction mixture is quenched on 20 mi HCI
(2 molar) containing 20 mmol NaNO, at 0 °C to destroy hydrazoic acid which is formed frorh
excess azide. The precipitate which is formed is dissolved by addition of 20 m| acetonitrile to
give a clear biphasic solution. The aqueous phase is extracted twice with each 10 ml ethyl
acetate. The combined organic phases are extracted with 15 ml of an aqueous solution (10
%) of pofassium carbonate and adjusted to pH 10. The organic phase is extracted twice with
10 mi of water. The combined aqueous basic phases are neutralized with 2 N HCI and the
pH is adjusted to pH 1-2. The product is extracted with ethyl acetate. The ethyl acetate is
evaporated under reduced pressure to give a crystalline residue which is further dried in

vacuo at 50 °C to give a white crystalline solid,
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m.p.: 158 — 160 °C.
Tlc: Rf —value: 0.48 (toluene : EtOAc : AcOH =20 : 20 : 1), SiO, - plates

Example 7: 4’-Hydroxyméthyl-biphenyl-z-carbonitrile

— ]
Ac
o~ OH

OOOO

OAc - derivative 4'-Hydroxymethyi-biphenyl-
' 2-carbonitrile

One pot PTC preparation of 4'-hydroxymethyl-biphenyl-2-carbonitrile from 4’-bromomethyl-

biphenyl-2-carbonitrite without isolation of the intermediate OAc (O-acetyl) derivative.

A 750 ml flask is charged with 54.4 g (0.2 mol) of 4'-bromomethyl-biphenyl-2-carbonitrile and
250 mi of toluene. To this suspension is added a solution of 30 g (0.3 mol) of potassium
acetate in 15 ml of water. The heterogeneous mixture is heated up to an internal
temperature of 90 ° C to become a clear biphasic solution. After 12 hours at an internal
temperature of 90 °C the conversicn to the OAc derivative is complete. The biphasic mixture
is cooled down to internal temperature of about 50 °C followed by addition of 150 mi NaOH
(2N). The mixture is heated up to an internal temperature of ca. 70 °C (extern. temp. 80 °C).
After & hours at this temperature the PTC saponification is complete (100 % conversion,
HPLC). Additional 150 mli toluene is added and the warm reaction solution (ca. 50 °C) is
washed three times with 50 ml of hot water until the pH is around 7. The toluene phase is
evaporated under reduced pressure and the resulting crystalline résidue is dried at 50 °C
over 24 hours in vacuum to give the white crystalline product with 98 % purity (HPLC) and a
water content of 0.23 %.

m.p.: 118-120 °C

Tlc: : Rf —value: 0.45, (toluene : EtOAc : AcOH =20 : 20 : 1), SiO, - plate

Example 8 a: 5-(4'-Formyl-biphenyl-2-yi)-1H-tetrazole or
2'<(2H-Tetrazol-5-yl)-biphenyi-4-carbaldehyd

28
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1.01 g (4 mmol) of 5-(4'-hydroxymethylbiphenyl-2-yl)-1H-tetrazole is dissolved in 7 ml of 2 10
%-aqueous solution of potassium carbonate. To the stirred solution is added an aqueous
solution (ca. 8 %) of sodium hypochlorite (eau de Labarraque) at room temperature. After 40
min. a conversion of 50 % to the aldehyde is observed. After 3.5 hours additional 1.5 ml
sodium hypochlorite is added at room temperature. After a total reaction time of 7 hours a
conversion of > 93 % is observed. Stirring over night at 0 °C improves the conversion to 97

" %. The reaction mixture is quenched with 20 % aqueous sodium hydrogen sulfite solution (5
ml) under stirring for 1 hour to destroy excess hypochlorite. Then 2-methyl-2-butene (1.5 ml)
is added and the product is precipitated by carefully dropping 10 ml of 6 N HCI at 0 °C to
the mixture under stirring. The product is extracted with ethyl acetate and the solvent is
evaporated to dryness to give the solid product.

m.p.. 184-186°C

Tle:  Rf-value: 0.31, (ioluene : EtOAc : AcOH = 20 : 20 : 1), SiO, — plate.

Example 8 b: Compound (VI c), 5-(4"-hydroxymethylbiphenyl-2-yl)-1H-tetrazole, 504 mg ( 2
mmol) is suspended in a mixture of 2 mi of toluene and 1 ml of dichloromethane. The
suspension is cooled to 0 °C and 0.42 ml of nitric acid (ca. 6 mmol), (65 %, d = 1.4) is added
in one portion at 0 °C under stirring which results in a clear slightly yellow solution. The ice
bath is removed and stirring is continued at room temperature for ca. 1 h. After 1 h the
product (VI) is crystallizing directly from the reaction mixture. The slurry is cooled to 0 °C for
1 h and then filtered to give after drying in vacuum 400 mg of pure aldehyde (V).

Example 9: 5-(2-Chlorophenyl)-1H-tetrazole (with dibutylboron azide)
C

N
/
< 5 :N’

H

4

Zz=

A dry 25 ml flask is charged with 10 ml {10 mmol) of a heptane solution of dibutyl boryl
triflate (1 molar) under Argon. To this solution is added 650 mg (10 mmol) of sodium azide.
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The suspension is stirred over pight at room temperature to give a dibutylboron azide. To the
suspension is added 1.0 g (7.7 mmol) 2-chlorobenzo nitrile as a solid in one portion. The
reaction mixture is heated up to 130 ° C external temperature. After

5 hours the conversion to the desired product is only 5 %. Additional-5 ml of toluene is
added and refluxing is continued over night. After 24 hours the conversion is 27 %.

After additional 24 h refluxing at 130 ° C (ext. temp.) the conversion is 35 % (HPLC).

The reaction is stopped by carefully quenching the yellow suspension on 6 N HCI. The
product is extracted to the water phase with 2 x 10 ml of potassium carbonate solution. The
water layer is adjusted to pH 1 with 6N HCl and the product is extracted with ethyi acetate.
The solvent is evaporated to dryness to give an off-white solid residue.

Tle: Revalue: 0.48, toluene : EtOAc : AcOH (20 : 20 : 1); SiO, -plate.

Example 10: 5-(4-Chiorophenyl)-1H-tetrazole

Procedure;

292 mg of granular sodium azide (4.5 mmol) are added to a cold solution of diethyl
aluminum chloride (4.5 mmol, 1.8 M in toluene) diluted in 2.5 mi of toluene, and the mixture
is stirre_d at room temperature for 4h. 473 mg of 4-Chlorobenzenitrite are added to the
stirred solution, and the reaction mixture is heated up to 135°C (e.t.) and stirred over the
night. Complete conversion is observed by HPLC. 5 ml of toluene are added to the mixture,
then the solution is added drop wise to a cold solution of HCI 6N. 10 ml of ethyl acetate are
added and the solution extracted. The aqueous phase is washed twice with 10 ml portion of
ethyl acetate. The combined organic phases are washed with 10 ml portion of HC| 2N and
finally with 10 ml of water. The solvent is removed and the product is dried in vacuum at
60°C over the night to give the product.

m.p.: 255-257 °C

Tic:  Revalue: 0.40, toluene : EtOAc : AcOH (20 : 20 : 1); SiO, -plate.
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HPLC: Hewlett Packard, solvents. H,PO,, acetonitrile/water; flow: 2 mi/min; injection: 5.0 pl;
wavelength 220 nm, 40 °C; flow: 2 ml/min; injection: 5.0 pl; Column: Merck, Chromolith
Rt. Time: 6.184 min

Performance RP-18e 100-4.6 mm.

Examples 11 a)to 11 1);

The following table (Examples 11 a) to 11 1) should further illustrate the present invention.

When applying the method of the present invention, tetrazole compounds of formula (1) are

obtainable starting from nitrile compounds of formula (Il a):

mp: 172-174°C
SIYN‘
*
N ¥ b

mp: 106 - 108 °C

@\ ©\ H,
2 % I e, g’
~N Nl
H Sony
H
N‘N
N I :‘N o
=X N N Y\ ] N,
—i H N —l N
Ho™ "o HO” Y0 oH OH ﬂ“ﬂh
n—N N
N % » N Y
N N >
I y — i l H ——— H
R N R NN
F
{CF,)
'E F Fa N—N

Lt
N..H Ney
x = e X A =N — <>—( I
n NN
X = halogen etc. H
Ney
—_— N, D= — D0
N N ﬁN N—N
X X HoN H

Using the technology as described above, especially as described in the examples, following

compounds can be obtained:
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H

N—N

H 1l |

N—nN N._ 2N
1l |
N. 2N

g
/
S

m.p. 220-222°C - m.p. 158-160°C- ¢  m.p. 255-257°C

o
I
=2
!
Zz——2ZI
z
l
—ZL

v
S
O

\

m.p. 140-141°C - m.p. 1560-152°C
N—~ N—N
il | Il )
N =N N 2N
F o]
m.p. 158-160°C - 173-175°C
Example 12:

1. AR, pI(OH J—t{

2. RAIN, o

Valsartan {(DIOVAN)
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A suspension of 5 mmol of formula

0
OH

-
OO

3

1.96 g 5 mmol), in 5 ml of toluene and 2.7 ml of a 1.8 molar solution of triethyl aluminium in
dry toluene are siowly combined at 0° C. The separately prepared diisobutyl-Al-azid (7
mmol) in toluene is added to the suspension and finally the mixture is heated to an internal
temperature of ca. 110 °C over night. HPLC control shows after 14 h ca. 50 % conversion.
Another portion of diisobutyl aluminium azid (4 mmol) is added and heating at reflux
temperature at 130 °C is continued for further 12 hours. HPLC shows a conversion of ca.
77 % to the desired product (Valsartah DS) and ca. 23% of starting material. After cooling
down to room temperature the reaction mixture was quenched onto a mixture of an aqueous

solution of 50 mmol of NaNO, in 40 ml of 2N hydrochloric acid. Additional 20 mi of 2N HCl is

added under stirring to dissolve precipitated aluminium hydroxide. Finally the product is
isolated from the aqueous phase by extraction with i-propyl acetate. The combined organic
phases (toluene/i-PrOAc) are washed with 30 ml of water and evaporated to dryness in
vacuum to give crude oily valsartan which contained still ca. 23 % of starting material. The
product can be purified by careful extraction with KHCO, from the organic phase to the
aqueous phase as the bis potassium salt and subsequent adjustment with hydrochloric acid
and back extraction to i-propyl acetate.

Example 13:

490



WO 2005/014602 PCT/EP2004/007980

-51-

Losartan via Diethyl-Al-Azid - Cycloaddition
3 Step Syntheses ex Br-OTBN

Ct )j ct [} Ci
I\ / \ \ ] U
. :

N

+ n T:ci: N ’:?g: K‘l 12 l::‘:\l N, O N}f 2N
>
C

MW : 377.88 MW : 42292

Losartan
X=Cl, Br, J, -0-50,-R

Reaction Step 1:  Disclosed in
1) K. Srinivas et al., Synthesis, 2004, (4), 506
2) R.D. Larsen et al., J. Org. Chem., 59, 6391 (1994)
3) T.Kato &Y. Shida, EP 578125 A1 (19940112)

Reaction Step 2. Reduction of the aldehyde with NaBH, to form the corresponding alcohol:|

3.78 g (10 mmol) of “5-formyl-imidazol-1-ylmethyl-biphenyl-2-carbonitrile are suspended in
50 ml of ethanol. To this suspension is added in 2 portions 152 mg (4 mmol) of NaBH,
under stirring at 10 °C. After stirring for 2-3 hours the reaction is quenched by addition of 10
mi 2N HCI. The reaction mixture is concentrated in vacuum and finally diluted with 25 ml of
water. The aqueous phase is extracted 3 times with 30 ml of ethyl acetate. The organic
phases are combined and evaporated to dryness to give an almost white solid residue which

is dried in vacuum. The crude “alcohol” is used in the next step without further purification.

Reaction Step 3. Example for “in-situ-protection” with AIEt; and subsequent cycloaddition
with diethy!-Al-azide and working up fo LOSARTAN.

1.9 g (5 mmol) of the ,hydroxymethyl-imidazol-1-ylmethyl biphenylcarbonitrile” from the
previous step is suspended in 10 ml of dry toluene under argon. To this suspension is
added at room temperature under stirring 2.8 ml of a 1.8 molar solution of AlEt; in toluene.
Stirring of the suspension was continued for additional 3 hours. Then a solution of 10 mmol
diethyl aluminium azide in toluene, which is prepared in a separate flask, is added via
syringe, (This 10 mmol of E{,Al-N; was prepared by stirring 10 mmol of Et,AICI and 10 mmol
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of NaN; in toluene at room temperature over night to give a white suspension of NaCl, but
the diethyl aluminium azide is dissolved in toluene). The rection mixture is heated to reflux
(~111 °C), external temperature ca. 140 °C. conversion is controlled by HPLC analysis. After
refluxing for 24 hours the reaction mixture was cooled to room temperature and finally
quenched on an aqueous solution of 40 mmol of NaNO, in 40 ml of 2N hydrochloric acid.
Then additional 20 ml of 2N HCl is added under stirring to dissolve the precipitated
Aluminium hydroxide. Finally the product was isolated from the aqueous phase by
extraction with ethyl acetate. The combined organic phases (toluene/EtOAc) are washed 2
times with 25 mi of water and evaporated to dryness in vacuum to give crude Losartan. The
crude Losartan can be purified by crystallization from CH,CN or CH,CN /water mixtures,
according to literature; (J.0.C., 59, 6391 (1994)).

Example 14:
1.) LiH 3)
2) ELAIN, 'NaOH, NaNO,
solvent: Xylene dann HNO, conc.
———tt s e B o

16.74 g (80 mmol) of the “4-hydroxymethyl-biphenyl-2-carbonitrile” is suspended in 100 mi of
dry xylene (iscmer mixture) under argon. To this suspension is added at room temperature
under stirring 0.636g (80 mmol) of lithium hydride. The suspension is stirred for an
additional 4 hours at 120°C external temperature and a solution of 160 mmol
diethylaluminium azide in toluene (which is prepared separately by stirring 160 mmol of
diethylaluminium chloride and 160 mmol of sodium azide in xylene [isomer mixture] at room
temperature overnight) is added via syringe. The reaction mixture is heated to reflux (~120
°C), external temperature ca. 140 °C. Conversion is controlled by HPLC analysis. After
refluxing for 24 hours the reaction mixture is cooled to room temperature and finally
quenched with a solution of 300mmol of sodium nitrite and of 156% sodium hydroxide (240
mmol). Finally 95 ml of conc. HC! is added under stirring. To the resulting suspension is
added at room temperature under stirring 31g (320 mmol) of 65% nitric acid. The

suspension is stirred for an additional 6 hours at 60°C external temperature (internal
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Temperature = 55°C). Finally the product is isolated by filtration. The. crude 2’-(1H-tetrazol-
5-yl)-biphenyl-4-carbaldehyde is obtained..

Example 15:

a) Preparation of 3-methyl-2{[1-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yl]-meth-(E/Z)-ylidene]-
amino}-butyric acid

Aqueous sodium hydroxide solution 30% (4.2 ml; 31.5 mmol) is added to a stirred
suspension of |-Valine (2.43 g; 20.8 mmol) and 2'-(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde
(6 g; 19.6 mmol), in water (20 ml) at room temperature, until pH 11 is reached. The resulting
solution is stirred at room temperature for 15 minutes. The clear solution is evaporated at
60°C in vacuo, and remaining water is azeotropically removed with 10 ml 1-butanol.

'H NMR (CD,0D, 300MHz):

6= 8.21 (CH=N, s), 7.67 (C¢Hs-CH, d), 7.40-7.60 {4 C;H,-CH, m), 7.18 (CgHs-CH, d), 3.42
(CH, d), 2.31 (CH, m), 0.98 (CHj, d), 0.82 (CH,, d).

b1) Preparation of (S

acid
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Aqueous sodium hydroxide solution 2.0 M (approximately 100 ml; 200 mmol) is added to a
stirred suspension of L-Valin (11.8 g; 100 mmol) and 2'-(1H-tetrazol-5-yl)-biphenyl-4-carbal-
dehyde (25.1 g; 100 mmol) in water (100 ml) at room temperature, until pH 11 is reached.
The resulting clear solution is evaporated at 60°C in vacuo, and remaining water is azeotro-
pically removed with 1-butanol. The residue (imine as a solid foam) is dissolved in absolute
ethanol (300 mi), and sodium borohydride (3.78 g; 100 mmol) is added in portions to the
solution at 0-5°C. The reaction mixture is stirred for 30 min at 0-5°C, and, it the reaction is
complete (HPLC), quenched by addition of water (100 ml) and hydrochloric acid 2.0 M (80
mi; 160 mmol). The organic solvent (ethanol) is stripped off from the clear solution (pH 7) at
50°C in vacuo. The remaining aqueous concentrate is adjusted to pH 2 by slow addition of
hydrochloric acid 2.0 M (approximately 70 ml; 140 mmol) at 40°C. During the addition the
desired product precipitates. It is collected by filtration, washed with water and dried in
vacuo. The crude product is suspended in methanol at 50°C, and the slurry is cooled to
room temperature. (S)-3-methyl-2-((2’-(1 H-tetrazol-5-yl)}-biphenyl-4-yl-methyl}-amino)-
butyric acid is collected by filtration and then dried in vacuo.

b2) Alternatively, (S)-3-methyl-2-((2'-(1H-tetrazol-5-yl}-biphenyl-4-yl-methyl)-amino)-butyric
acid can be prepared e.g. as follows:

Aqueous sodium hydroxide solution 10 M (approximately 41 ml; 410 mmol) is added to a
stirred suspension of L-Valine (24.8 g; 210 mmol) and 2°-(1H-tetrazol-5-yl)-biphenyl-4-carbal-
dehyde (50 g; 200 mmol) in water (200 ml) at room temperature, until pH 11 is reached. The
resulting clear solution is evaporated at 60°C in vacuo, and remaining water is azeotropically
removed with 1-butanol. The residue (imine as a solid foam) is dissolved in methanol (600
ml), and sodium borchydride (3.13 g; 80 mmol) is added in portions to the solution at 0-5°C.
The reaction mixture is stirred for 30 min at 0-5°C, and, if the reaction is compiete (HPLC),
quenched by addition of water (300 ml) and hydrochloric acid 2.0 M (160 ml; 320 mmol). The
organic solvent (methanol) is stripped off from the clear solution (pH 7) at 50°C in vacuo. -
The remaining aqueous concentrate is adjusted to pH 2 by slow addition of hydrochloric acid
2.0 M (approximately 90Aml) at 40°C. During the addition the desired product precipitates. it
is collected by filtration, washed with water and dried in vacuo, The crude product is

suspended in methanol at 50°C, and stirred for a few minutes. Then the slurry is cocled to
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room temperature. (S)-3-methyl-2-((2'-(1H-tetrazol-5-y1)-biphenyl-4-yi-methyl)-amino)-butyric
acid is collected by filtration and then dried in vacuo.
Enantiomeric excess (by HPLC): ee > 99.9 %

b3) Alternatively, (S)-3-methyl-2-((2’-(1H-tetrazol-5-yi)-biphenyl-4-yl-methy!)}-amino)-butyric
acid can be prepared e.g. as follows:

Sodium hydroxide (1.71g; 41.89 mmol) is added in portions to a stirred suspension of L-
Valine (2.48 g; 21 mmol) in 15 ml methancl. The mixture is stirred at room temperature for
30 minutes. Then 2-(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde (5 g; 20 mmoal) is added. The
mixture becomes a clear solution after a few minutes. The mixture is then cooled to -5°C
and sodium borohydride (0.315 g; 8 mmol) is added in portions to the solution. The
temperature is maintained between 0-5°C during the addition. The resulting mixture is
stirred for 2 hours at 0°C - the reaction completion is followed by HPLC — then quenched by
addition of water (10 ml) and hydrochloric acid 37% (5.3 g) until pH is between 2-2.5. Further
work-up and crystallisation are done according to example 1 b2).

Enantiomeric excess (by HPLC): ee > 99.9 %

b4) Alternatively, (S)-3-methyl-2-((2'-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl)-amino}-butyric
acid can be prepared e.g. as follows: A

in a 50 ml steel autoclave, 3-methyl-2{[1-[2'-(1H-tetrazol-5-yl)-biphenyl-4-yl]-meth-(E/Z)-
ylidene]-amino}-butyric acid (1.5 g; 3.2 mmol) and 5% Pt/C (7.5 mg, 5% wt/wt) is charged
under argon. Then 15 mi methanol are added and the autoclave is sealed and flushed with
argon and hydrogen. The pressure is set fo 5 bars and the reaction stirred at room
temperature. The reaction completion is monitored by HPLC. Then the autoclave is flushed
with argon and the catalyst is filtered off. Further work-up and érystallisation are done similar
to example 1 b2).

b5) Alternatively, (S)-3-methyl-2-((2’-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl}-amino)-butyric
acid can be prepared e.g. as follows:

2'-(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde (0.79 g; 3.2 mmol) and L-Valine (0.4 g; 3.4
mmol) are suspended in 15 ml methanol. Then sodium hydroxide is added (0.27 g; 6.72
mmol) and the reaction mixture is stirred at room temperature until a clear solution is
obtained. 5% Pt/C (15.8 mg; 2 wt/wt-%) is added. The autoclave is sealed and flushed with
argon and hydrogen. The pressure is set to 5 bars and the reaction is stirred at 60°C. The

&
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reaction completion is monitored by HPLC. Then the autoclave is flushed with argon and the
catalyst is fitered off. Further work-up and crystallisation are done similar toc example 1 b2).
Enantiomeric excess (by HPLC): ee > 99.9 %.

¢) Preparation of (S)-3-Methyl 1H-tetrazol-5-yi)-biphenyl-4-

amino}-butyric acid

A suspension of (S)-3-methyl-2-((2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl }-amino)-butyric
acid (17.6 g; 50.0 mmol) in 1,2-dimethoxyethan (116 g) is cooled to -5°C, and valeroyl-
chioride (9.9 mi; 80 mmol) is added, followed by slow addition of pyridine (6.0 ml; 75 mmol)
diluted with 1,2-dimethoxyethane (60 ml). [1] After completion of the reaction, the reaction
mixture is quenched with methanol (18 ml). Finally water (50 ml) is added at room
temperature, and after stirring for 1 h, the mixture is adjusted to pH 7.5 by addition of
aqueous sodium carbenate solution 10% (~ 116 ml, 120 mmol) at 0°C. The organic solvents
are stripped off at 50°C in vacuo. Ethylacetate (125 ml) is added to the remaining aqueous
concentrate, and the two-phase system is adjusted to pH 2 at 0-5°C by addition of 2.0 M HCI
(~ 98 ml). The organic phase is separated and concentrated at 45°C in vacuo (water is
azeotropically removed). The crystallization of the product is initiated at 45°C and - after
addition of cyclohexan (102 mi) — completed by cooling to -5°C. The solid is collected by
filtration, and after drying at 50°C, (S)-3-methyl-2-{pentanoyl-[2’-(1H-tetrazol-5-yl)-biphenyl-
4—ylmethy|]-ah1ino} -butyric acid is received as a white powder.

Melting point: 108-110°C

Enantiomeric excess (by HPLC): ee > 89.5 %



4

WO 2005/014602 PCT/EP2004/007980

-57 -

[1] Alternatively pyridine and valeroylchloride can be added alternately: A suspension of (S)-
3-methyl-2-((2'-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl)}-amino)-butyric acid (25.5 g; 72.6
mmol) in 1,2-dimethoxyethane (126 g) is cooled to —10°C, and valeroylchloride (8.75 g; 72.6
mmol) is added over 15 min., followed by slow addition of a mixture (7.16 g) of pyridine (5.6
g} and water (1.5 g) over 61 min. After stirring for 30 min. valeroyichloride (5.3 g; 43.5
mmol) is added over 8 min., followed by slow addition over 30 min. of a mixture (4.3 g) of
pyridine (3.4 g) and water (0.9 g). After each addition of pyridine the pH is controlled by
sampling (hydrolyzed with water). The pH of the samples should always be below 2.5. The
reaction is stirred for 25 min., then water (25.6 g) is added over 30 min. The mixture is
stirred for another 30 min., then warmed to 23°C over 30 min. and stirred for another 2
hours. Adjustement of pH, remove of organic solvents by distillation, further work-up and

crystallization is done as described in the example 1 c) above.
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What is claimed is

1. A process for the manufacture of a tetrazole of formula

N
R— N

/f
N—N
H ()

or a tautomer or a salt thereof, wherein R represents an organic residue;

comprising

(i) reacting a compound of formula R-CN (Il a} with an azide of formula (R,)(R;)M-N; (llb),
wherein R has the meaning as defined above; R, and R,, independently of another,
represent an organic residue such as an aliphatic residue, an alicyclic residue, a
heteroalicyclic residue; an alicyclic-aliphatic residue; a heteroalicyclic-aliphatic residue; a
carbocyclic or a heterocyclic aromatic residue; an araliphatic residue or an heteroaraliphatic
residue, each residue, independently of anofher, being unsubstituted or substituted; and M is
boron or aluminium; and

(i) isolating the resulting compound of formula (I).

2. A process according to claim 1 for the manufacture of said angiotensin Il receptor

antagonists having as structural feature a tetrazol ring, e.g. of formula (IV),

N=N
[\
HN_ N

"y o

or a tautomeric form thereof, wherein Rx represents a structural element selected from the
group consisting of
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Cl
N CH
HO\I \ 3
N /L/\/

(derived from losartan - cf. EP 253310);

|
A
0 N

(derived from irbesartan - cf. EP 454511);

N
arptv s
N
\ |
(derived from UR-7247);

Cry,
0 0 l
A

CH,
o/g

0

(derived from candesartan-cilexetril- EP
459136);
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(derived from candesartan); and

v

(derived from valsartan - cf. EP 443983);

o, |

j\%—cm

o™ "o (derived from olmesartan)

or, in each case, a salt thereof;
characterized by reacting a compound of formula (IV a)

(IV a),
wherein Rx has the meanings as given above,

Rx

with a compound of formula (R;{R;}M-N; (Il b}, wherein R, and R;, independently of one

another, represent an organic residue; and isolating the resulting compound of formula (V).

3. A brocess according to claim 1 for the manufacture of a compound of formula (IV b)
comprising reacting a compound of formula (IV ¢)
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HO : JJ\/\/CHS

N (IV )
or an ester thereof with an azide of formula (R,)}R,)M-N; (lIb), wherein R, and R,,
independently of each other, have the meanings as defined above, and isolating the
compound of formula (IV b).

4. A process according to claim 1 for the manufacture of a compound of formula
manufacture of a compound of formula
N=N

\
HN_ N

Ry

2

V)

a tautomeric form thereof wherein Ry represents C,-Cg-alkyl such as methyl; C,-Cs-alkyl
substituted by X’ and X’ being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, or an acetal of formyl; and X, being in a benzylic position, comprising reacting
a compound of formula (IV a)

()
(V a)

with a compound of formula (R,)(R,)M-N; (Il b), wherein R, and R,, independently of one

O —

another, represent an organic residue; and isolating the resulting compound of formula (V).

5. A process for the manufacture of the compound of formula (V1)
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N=N
HN,_ - N

< io

V)

or a tautomer or salt thereof, comprising
(a) treating a compound of formula (V1 a)

OO
(Via),

wherein X represents a leaving group, first with a nucleophilic agent and then with a

“solvolytic” base resulting in a compound of formula (Vi b)

HO

O:z

(V1 b);
(b) reacting a compound of formula (V b) with an azide of formula (R,){R.)M-N, (Il b},
wherein the variables R, and R,, independently of one another, have the meanings as
defined above; resulting in a compound of formula (VI c)
N=—N

\
HN._ N

HO

2,

(VI ¢) or a tautomer or salt thereof
(c) oxidizing a compound of formula (VI ¢) or a tautomer or salt thereof resulting in a

compound of formula (VI}
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N—=N
;o\
HN /N
0 ()
H (V1)

or a tautomer or salt thereof; and
(d) isolating the compound of formula (V1) or a tautomer or salt thereof.

6. A process for the manufacture of a compound of formula (V d)

N=N
/A
HN_ N
o

(Vi)

comprising oxidizing a compound of formula (VI ¢)

N=N
/0
HN._ N

O~
Vi c)

or a tautomer or salt thereof resulting in a compound of formula (V1) or a tautomer or salt

thereof; and isolating a resulting compound of formula (V1).

7. A process according to claim 5 or 6, wherein the oxidation is carried out in the
presence of an oxidation agent selected from the group consisting of HNO,, HNO; or a
corresponding anhydride thereof, and a peroxodisulfate, and wherein as solvent an alkylated

aromatic hydrocarbon solvent such as toluene is used.

8. A process according to claim 1 for the manufacture of a compound of formula
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HN.__ N
Ry
(Vi) -

a tautomeric form thereof, wherein Ry represents C,-Cg-alkyl such as methyl; C,-Cg-alkyl
substituted by X’ and X’ being halogen, sulphonyloxy, hydroxyl, protected hydroxyl, such as
bromomethyl, formyl or an acetal thereof; comprising reacting a cempound of formula (VI a)

N
Il

Ry
(VIl a)
with a compound of formula (R,}{Rz)M-N; (Il b), wherein R, and R,, independently of one

another, represent an organic residue; and isolating the resulting compound of formula (V1).

9. A process according to any one of claims 1 to 5 and 8, wherein a compound of formula
(R)(R:)M-N, (Il b) is used, wherein M is aluminium br boron; and R, and R,, independently
of one another, is C,-C;-alkyl such as methyl, ethyl, propyl, diisobutyl, tert-butyl or n-octyt;
C,-Cralkenyl such as allyl or crotyl, C;-C,-cycloalkyl such as cyclohexyl; phenyl-C,-C,-alkyl
such as benzyl or 2-phenethyl; phenyl-C,-Csalkenyl such as cinnamyl, or C,-C,-cycloalkyl-C,-
Cg-alkyl such as cyclopropy!methyl or cyclohexylmethyl.

10. A compound of formula (R;}{(R;)M-N; (Il b}, wherein M is aluminium or boron; and R,
and R,, independently of one another, is C,-C;alkenyl such as allyl or crotyl, C;-C;-cycloalkyl
such as cyclohexyl; phenyl-C,-C,-alkyl such as benzyl or 2-phenethyl; phenyl-C,-Csalkenyl
such as cinnamyl, or C,;-Cg-cycloalkyl-C,-Cg-alkyl such as cyclopropylmethyl or
cycichexylmethyl.
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Why Is Tetrazole Formation by Addition of Azide to Organic
Nitriles Catalyzed by Zinc(ll) Salts?

Fahmi Himo,§ Zachary P. Demko,*' Louis Noodleman,* and K. Barry Sharpless™?

Contribution from the Departiment of Molecular Biology, TPC-15 and Department of Chemistry
and The Skaggs Institute for Chemical Biology, BCC-315, 10350 North Torrey Pines Road,
The Scripps Research institnte, La Jolta. California 92037

Received April 3, 2003; E-mail: sharples@scripps.edu

Abstract: The mechanism by which zinc(}!) catalyzes the union of an azide ion with organic nitriles to form
tetrazoles is investigated by means of density functional theory using the hybrid functicnal B3LYP. The
calculations indicate that coordination of the nitrile to the zinc ion is the dominant factor affecting the catalysis;
this coordination substantially lowers the barrier for nucleophilic attack by azide. Relative reaction rates of
catalyzed and uncalalyzed tetrazole formation also provide experimental support for this conclusion.

L Intreduction

Tetraxoles are an increasingly popular functionality! with
wide ranging applications. They have found usc in pharmaccu-
ticals as lipophitic spacers? and carboxylic acid surrogates,® in
Speuiﬂllv explosives.* photography, and information recording
systems,” not to mention as precursors (o a variety of nitrogen
containing  heterocyeles.® The most dircet method to form
telrazoles is via the concerted”” and highly regioselective®

[2 + 3] cycloaddition between an organic azide (R—Nz) and

an organi¢ nitrile (R—CN) as shown in Scheme 1.% However,
this cycloaddition 1s too slow to be synthetically useful cxcept
when potent electron-withdrawing groups activate the nitrile
component.

* Department of Molecular Biology, The Scripps [nstitute.
*Department of Chemistry and The Skaggs Institute for Chemical
Biology, The Seripps Institute.
§ Present address: Royal Institute of Technology, Department ot Bio-
technology, Theoretical Chemistry, S-106 91 Stockholm, Sweden.
Tpresent address: PGRD La Jolla Laboratorics, Pfizer, Inc., 10777
Science Center Drive, San Diego, CA 92121,
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and 151 2-alkylated 5-C-tetrazoles and 147 I- alkylated and 33 2-alkylated
5-hetcrotrazoles.
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Scheme 1. [2 -+ 3] Cycloaddition of an Organic Azide and an
Organic Nitrile

N---

N " A /11 N- N-N
EEN | ——— R+, N | —= /{ ‘N

? N - N R™ ™y

R R R "?.

Scheme 2. Addition of an Inorganic Azide to an Organic Nitrile

N- DLA.A N-N N=N
éf + N+ 2H0 -'
R

A -
e RN R’j\\N-N‘H

Of grealer concem to us here is the mechanism behind the
formally similar addition of azide salts and mitriles giving 1H-
tctrazoles (Scheme 2). This variant is of greater synthetic interest
since the range of nitriles which are competent dipolarophiles
is much broader and a wide variety of metal-azide complexes
can scrve as azide donors.’® Mechanistically. however, these
transformations arc less straightlorward. In the case where
hydrazoic acid or an amine salt of hydrazoic acid acts as the
dipole, both an anjonic 1wo step mechanism'! and a concerted
[2 + 2] eycloaddition'? have been posited in the literature, More
recently, we have suggested a different mechanism'? that
involves the activation ol (he nitrile by protonation, procceding
through a previously unsuspected imidoyl azide intermediate

{10y (a) Dimroth, Q.: Fester, G. Berichie 1910, 43, 2219. (b) Wiberg, V. L
Michaud, H, Z. Naiurforsch. B Anorg, Chmn Org. Chem.. Biovhem.,
Bioplys.. Biol. 1954, 9, 497, () (.rmnk'\ /.; Ilbcnk B. Roc=. Chem..
1971, 45, 967, (d}l)umc.l J. V. Pierce, M. Santella, ). B, 1.2 Org.
Chen. 1991, 36, 2393, (e) \‘vllu.nlm‘[,u S ')nnncr; B.G.J (’?r‘g. Chen.
1993, 5&. 4139—4141, () Hulf, B. E.; Staszak. M. A Terraledron Len,
1993, 34, 8011, (g) Kumar. A \’arm.'.man R.; Sheehier, H. L Ovg. Clem,
1996, 67, 4462, (hy Curran, D P.; Hadida, b Kim. S-Y. Tetrahedron
1999, 55, 8997,

(n (a)[mm.gdn W. G.; Henry, R, AL Lofquist, RS Am. Chem. Soc. 1958,
M0, 3908—3911. (b) Jursic, K., /dl.wk(w\kl 2 TUECOCHEM 1994, {15,
1.

(12) (a) Titova, I E ’oph\sl\u V. 8. Koldabskii, G. 1; Ostrovskii. V. AL
Nikolaev, V. isalimskii. G, B. Khine. (,m‘uolcrﬁl Socdin, 1986, 8.
1086. {h) Ostrovskii, V. A.; Poplavskil, V. S.; Koldobskii, G, 1.0 Erusal-
imskii, G. B, Khim. G@rer‘m.\'ikl. Soedin, 1992, 9, 1214

(13} Himo. F.; Demko, 7. I, Noodleman, L.; Sharpless. K. B, A Chem.
Soe, 2002, 124, 12210—1E2216.
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Scheme 3. Addition of an Azide Anion to a Nitrile through the
Intermediacy of an Imidoyl Azide

N - H. H‘N N

" fN -
0ot N+ H 1 .N? .
!‘ |hlj N R/LN T — R \N N
R -

{A, Scheme 3). This pathway is computed to be some 10 kcal/
mol lower in energy than the concerted [2 + 3} mechanisin.
To the best of our knowledge, there are no reports concerning
the mechanistic details for the cases where nonprotic Lewis acids
arc employed as catalysts for the addition of an azide ion (o a
nilrile.

It has been recently shown that zine salts are excellent
catalysts for this reaction;' in fact, they function well even in
acqucous media, thereby cnabling a more environmentally
friendly route o 1H-1ewrazoles.'s When we follow this protocol.
siumple heating (80—170 °C) of an aqueous reaction mixture of
mtrile, sodium azide, and catalytic zinc salt provides the 1H-
tetrazole in good vicld following acidic workup. Sccking lo
understand the mechanism of (his catalysis, we bave performed
model calculations using density functional methods o inves-
tigate the role of zinc. A comparison of measured reaction rates
of catalyzed wiih uncatalyzed tetrazole lormation, for both intra-
and intermolecutar cuses, scems to corroborate the computational
findings.

1. Computational Details

All geometries and energies presented in the present study
arc computed using the B3LYP'® density functionat theory
method as implemented in the Gaussian98 program package.'’
Geomeltry optimizations were performed using the wiple-$ plus
polarization basis sct 6-311G{d,p), followed by single-point
encrgy caleulations using the larger basis sct 6-311-+G(2d,2p).
To evaluale the zero-point vibrational cffects on energy,
Iessians were calculated at the B3LYP/lani2dz level of theory.

Solvation energies were added as single-point calculations
using the conductor-like solvation model COSMO'™ at the
B3LYP/6-311G(d,p) level. In this model, a cavity around the
system is surrounded by a polarizable dielectric continuum. The
diclcetric constant was chosen as the standard value for water,

{14} (@) Gallante, R. J. US. Patent 5,502,191, 1995. (b} Tokuhara. G.;
Yumaguehi, T.; twasaki, T. WO Paient 1996-37481, 1990,

{13 ) Demko, Z. P Sharpless, K. B Org. Chem, 2004, 66, 79345--7950,
(h) Demko, 7, P Sharpless, K. B, Org. Len, 2002, 4, 25257527,

{16) () Becke, A, 3. Plys. Rews 1988, A38. 3008, Becke, A, DL Chem. Phys.
1993, 08, 1372, (hy Beeke, A, DL Chem. Py, 1993, 98, 5648, For reeent
applications, see: Ban, F.; Rankin, K. N.; Gauld, J. W.; Bovd. R. J. Theor.
Chem, Ave, 2002, 708, 1. (¢) Lee, P S, Zhang, X, Houk, K. N. J, Am,
Chem. Soc. 2003, 125, 5072, (dy Bahmanvar, S.; Houk, K, N. Org. Lent.
2003, 5. 1249, (e} Hactfner, F.: Houk, K. N.: Schulze, S. M.: Lee, JL KL
Chrg, Chen, 2003, 68, 2310. (A Limanto, J; Tallarico, ), A. Porter, ). R
Khuong, K. 8.: Houk. K. N.: Snapper, M. L. J Anr. Chem. Soc. 2002, 124,
14748,

(17 Frischy M. Lo Trucks, G, W Schilegel. H. B.; Seuserin G E.: Robb, M.
A Cheeseman, 3. R.; Zakrzewski, V. G.: Montgomery, J. A, Jr.; Stratmann,
R.E. Burant, 3. C. Dapprich, S, Mitlam, 1. M. Daniels, A, 1, Kudin,
K. N_; Strain, M. C_; Farkas, 0. Tomasi. J.; Rarone, V_; Cossi, M.; Cammi,
R.; Menoucei. B.; Pomelli, C.; Adamo, C.; Clifford. S.: Ocheerski, J;
Petersson, G AL Avala, P Y. Coi, Q. Morokuna, Ko Malick, DL Ko
Rabuck, A, D.; Raghavachari, K.: Foresman. J. B.; Cioslowski. J.: Ortiz,
1.V Stefunov, B, B, Liu, G.o Liashenko. A Piskorz, P Komaromi. 1
Gomperts, R.. Martin, R. L. Fox, D. 1.; Keith, T.; Al-Laham, M. A.; Peng.
C. Y5 Nanayakkara, A. Gonzalez, C.; Challacombe, M. Gill, P, M. W

Johmsen, B. G, Chen, W.; Wong, M. W.; Andres, ). L.; Head-Gordon, -

M.z Replogle. B S5 Pople, V. AL Ganssian 98, revision A9 Gaussian,
Inc. Pittsburgh, PA, 1998,

(18 {a) Barone, V.5 Cosst, M. Phes, Chens 1998, 102, 1995 (b) Barone, B.:
Cuossi, M. ‘Fomast, 1. L Comprt. Chem. 1998, /9, 404,
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e = 80. Some of the experiments were done in DMF, which
has a diclectric constant of € = 37, As the solvation encrgy to
a first approximation is preportional to (| — (3/2¢)) for dipoles
and (1 — (1/¢)) for charges for large ¢, the water and DMF
values give almost identical solvation encrgies. Since we are
mainly interested in reaction barriers (reactanl — transition state)
and relative barriers. the differences are not significant.

The energies presented here include solvation effects with e
= 80, unless otherwise stated.

1i. Experimental Details

To a solution of sodium azide (325 mg, 5 mmol) and zine bromide
{1.12 ¢, 3 mmol) in water (7 mL) and 2-propano! (3 mL) was added
cyanopyrazine {21 mg. 0.2 mmol) and benzyl alcohol (21 mg). The
reaction was stirred at 23 °C, and aliquots were removed, added to a
biphasic solution of HCE (1 N, 1 mL) and cthyl acetate (5 mL}, and
shaken, The organic layer was injected onto a GC, and the extent of
reaction was detenmined using benzy! alcohol as the internal standard,
The data showed zeroth order kinetics, with a calculated nitrile hadf-
life of 4.0 min. A sccond reaction was run as above except that no
zinc was added, and the reaction was heated in an oil bath set to 80
°C. Zeroth order kinctics were observed again, and the computed half-
lite was 35 min.

A solution of 2-azidocthyl benzylcyanamide? (0.05 mmol) in DMF
(5 mL) was heated in an oil bath set at 140 °C. Aliquots were removed
and added to ethyl acetate (5 mL), washed with water. dried, evaporated,
and analyzed by 'H NMR. Zeroth order kinctics were observed. mmd a
half-litc of 24 h was calculated. In a similar experiment, zine bromide
was added to the aforementioned mixture to bring its concentration to
0.05 M, and the resulting selution was heated in an oil bath set to 75
°(. The half-life was found te be 18 h. In a third experiment. aluminum
chloride was added to a solution of 2-azidoethy] benzyteyanamide (O
M) in 2-methyltetrahydrofuran (10 m1) to bring its concentration to
0.1 M. and the resuiting solution was stirred at 23 *C. The haif-tife
wus found to be 24 h.

V. Results and Discussion

The model calculations presented here will focus on the
simplest nitrile. namely acetonitrile (CH3CN). The conclusions
should, however, be of dircet relevance to nitriles in general,

Before discussing the results. the modeling of the Zn" ligand
sphere deserves comment. The zine was modcled by cither
tetrahedral or octahedral coordination. These two modcls arc
clectronically very similar, since Zn®* presents an essentially
degenerate coordination sphere. However, due to the different
steric cffects in these two systems, the results can differ
somewhat, and the different possible mechanisins arc considered
individually below,

A. Azide Anion Bound to Zinc, Lct us first consider the
situation where the azide anion (Na7) is bound to Zn" and the
acetonitrile undergoes the cycloaddition without ceordinaling
1o zinc. The optimized ransition state structures for this [2 +
3] eycloaddition reaction, modeled using tetrahedrally coordi-
nated zinc (three waler ligands and the azide) or octahedrally
coordinated zine (5 waler ligands and the azide), arc displayed
in Figure 1 (A and B, respectively). The cnergy barriers
(enthalpy including solvation) for these reactions arc caleulated
to 33.7 and 35.6 kcal/mol. respectively. Furthermore, making
the overall system charge-neutral by substituling one of the water

(19) Orozeo, M. Lugque, F. L Chem, Rep 2000, 100, 4187,
(20) Demko, Z. F,; Sharpless, K. B Org. Len. 2HH, 3, JOU 14094,
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Figure 1. Optimized transition state structures for various models of the [2 + 3] tetrazole reaction. Bond lengths are given in angstrom. (A) (Tetrahedral
zinc) AH' = +33.7 kcal/mol; (B) (octahedral zinc) A/fF = +35.6 kcal/mol; (C) (neutral tetrahedral zinc) A = +34.2 keal/mol; (D) (no zinc) AfF =
+31.6 keal/mol; (B) (no zinc, inarganic azide) AHF = +33.8 keal/mol.

Figure 2. Optimized transition state structures for [2 + 3] cycloaddition reactions of methyl azide and acetonitrile coordinated to zinc. (A) (Tetrahedral
zinc) AH* = +25.3 keal/mol; (B3) (octahedral zinc) AHF = +28.7 keal/mol; (C) (neutral tetrahedral zine) AH = 429.7 kecal/mol.

ligands with @ Br™ anion (C) gives almost the same barrier, +1
34.2 keal/mol.

These barriers are to be compared to the 31.6 keal/maol barrier
for the uncatalyzed concerted cycloaddition of CH:CN and
CHiaNa (D) and the 33.8 kcal/mol barrier for [2 + 3] eycload-
dition of CHiCN and N3™ (). These caleulations indicate that
the coordination of an azide anion to Zn does not lead to any
significant change in the barricr.

As seen from Figure |, the local structure of the transition
states around the azide and nitrile s quite similar in the zinc-
coordinated cases {e.g., A) and in the parent zinc-free cases (ID).

The Cujite™ Naige bond distance, for instance, is 1.92 A in Figure A B

1A and is 1.94 A in Figure 1D. The Nyjmite—Masiae bond distance 4 4 ) '

e Lo Fiaure and a . H Figure 3. Optimized reactant (A) and transition state structures for
) Sanre | A I Heure g P

s L'()g.‘:[\ ‘m Figure 1A and is 205 A in Flglllrb 1. , , the formal [2 + 3] cycloaddition reaction of azide and acetonitrile, both
B. Nitrile Bound to Zinc. Next. we consider the situation bound to a zinc ion. (A) (Octahedral zinc) [reactant]; (B) (octahedral zinc)

where the zinc ion is bound (o the nitrile instead and methyl [transition state] AHY = +27.3 kcal/mol.

J. AM. CHEM. SOC. = VOL. 125, NO. 33, 2003 8985
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A

Figure 4. Optimized transition state structures for [2 + 3] intramolecular cycloaddition reaction. (A) Uncatalyzed, {(B) octahedral zinc catalyzed, and {C)

AICl; catalyzed.

Chart 1.
Zinc

Potential Intermediates with the Nitrile Coordinated to

N
Lot N Lt Noit
- n 8
T AT N
L

azide comes from outside the coordination sphere, Three
oplimized transition state structures modeling these reactions
are displayed in Figure 2. In Figure 2A, the zinc is tetrahedral
with three water ligands and the acetonitrife, in Figure 2B, the
zine s octahedral (5 water ligands and the acetonitrile), and
finally, in Figure 2C, the zinc is tetrahedral (two bromine
ligands, one water, and the acctonitriie). The calculated barriers
tor these reactions are, respectively, 25.3. 28.7, and 29.7 kcal/
mol. All the models represent some lowering in the barrier
compared to the reactions without the Zn, 31.6 keal/mol for
cycloaddition of CH3;CN and CH3N: (Figure 1D} and 33.8 keal/
mol for cycloaddition of CH3CN and N3~ (Figure 1E).

For the structures shown in Figure 2. we notice that the local

{ransition statc gcometries are more asymmetric than those of

Figure TA—D. The Cinite—Nusige bond distance is shorter, and
the Nyjmile—Nurige bond distance is longer. This is reminiscent
of the situation where the nitrile is attached Lo a strong clectron-
withdrawing group.!?

C. Both Reactants Bound te Zinc. So far, the calculations
indicate that coordination of the nitrile to Zn reduces the bartier
somewhat, while binding of the azide to the Zn does not affect
the barrier. What happens when both are bound to Zn?

The reactant and transition state for this cycloaddition reaction
are shown in Figure 3. The caleulated barrier is 27.3 keal/mol,
which is very closce to the barriers obtained when the nitrile is
bound to the Zn and the azide is not (c.g., Figurc 2B). This
suggests that the critical element of the catalysis is the activation
ol the nitrile by coordination to the metal ion.

As scen from Figure 3, the transition state structure is highly
asymmetric, with the Cyigie—N.iae bond distance being as short
as 1.44 A Finally, no intermediates of the type shown in Chart
1 could be located.

D, Experimental Corroboration. The results presented
above indicate that coordination of the nitrile to the Zn is the
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Scheme 4. Intramolecular [2 + 3] Cycloaddition between Azide
and Nitrilte

R R
I\Il-—_-;__ \ R = Me (calculations)
=N QN’T’N‘N R = Bn (experiment)
r—e )
N-Nz=p N~y
T+

Table 1. Experimental and Theoretical Results of Intramolecular
[2 + 3] Cycloaddition of Azide ang Nitrile

AG (kealimal) AR {kealmol)
additive temperature {°C) half life: (h) experimemal calculated
none 140 24 352402 31.6
ZnBr» 75 18 293402 26.3
AlCI; 23 24 250402 9.1

main source of catalysis. To test this hypothesis, and to further
isolate the effect of zinc, we now consider the intramolecular
cycloaddition ol the azidocyanamide shown in Scheme 4. This
chiminates any possible effects of the charged inorganic zinc—
azide complexes, as well as covalent coordination of the zine
and azide. We have calculated the transition states (optinmized
structures in Figure 4) and performed kinetic studies. The results
are presented in Table 1. In the calculations, the benzyl group
is substituted by a fully adequate methyl group. Experimentally.
Zn*t leads to a decrease in barrier of 5.9 keal/mol. The
calculated barrier reduction is 5.3 kealimol, in excellent agree-
ment with experiment,

Zinc's Lewis acidity was previously suspected to be respon-
sible for its catalysis in this reaction. Since most Lewis acids
are not water stable, the intramolecular case allowed us to
explore stronger, water sensitive Lewis acids. Aluminum
chloride proved to be an even more potent catalyst for this
reaction, lowering the reaction barrier by an additional 4.3 kcal/
mol. The calculations predict a reduction of 7.2 kcalmol
compared to the Zn*™ ion.

The calculated absolute barricrs are consistently lower than
the experimental. The reason for this is that the entropy effect
is not included in the calculations. The entropy effect on the
intramolecular reaction is estimated from Hessian calculations
to be ca. 12 cal/mol-K, corresponding to ca. 4 kcal/mol at rooin
temperature, which when added 1o the calculated barriers leads

/00
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Scheme 5. Intermolecular Addition of Azide to Cyanopyrazine

N= N\NH
N
2 o
=N Z NaN; N N
f * |
& aq. x>
N N

Table 2. Experimental Results of Intermolecular Addition of Azide
to Cyanopyrazine

AG* (kcalimol)
additive temperature {°C) half life {min) experimental
none B0 35 27.24+0.2
Zn3ry 23 43 21.5+£02

to excellent agreement with the experimental barriers. Note that
an increasc in catalyst conceniration in these reactions was not
found to significantly increase the rate of reaction.

However, the specific reaction mechanism we are trying o
uncover is that for the aqueous conversion of a nitrile to a 1/4-
tctrazole by way of an inorganic azide salt. To assess the
simitanties of the case shown above. we also performed similar
rate studies with the appropriate intenmolecular reaction as
shown in Scheme 5; the results are shown in Table 2. In this
case, the experiments show that Zn reduces the activation barrier
by 5.7 keal/mol. The effect is virtually identical to the
intramolecular case, supporting the hypothesis that nitrile
coordination 1o the zinc is the key to catalysis.

V. Conclusions

The mechanism of the zine catalyzed transformation of nitriles
10 L H-tetrazoles, in which the presence of zine lowers the energy
barrier of reaction by 5 (o 6 kcal/inot, has been studicd.
Synthetically, this corresponds (o a rate acceleration of 3 to 4
orders of magnitude or the fact that the temperature required (o
achicve comparable rates reaction will drop by some 70—80
°C.

The data presented here strongly support the hypothesis that
coordination of the nitrile substrate to the Lewts acidic zine 15
the source of the catalysis in the formation of 1H-tctrazoles,
This point is supported by model calculations using density
functional theory and corroborated with experimental rate
studics. We were also able to extend our knowledge ol the
system by looking at another Lewis acid, AICl:, which catalyzes
the reaction to a greater extent than ZnBr..
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Abstract: it is well-known that azide salts can engage nitriles at elevated temperatures fo yield tetrazoles;
however, there is continued debate as to the mechanism of the reaction. Density functional theory
calculations with the hybrid functional B3LYP have been performed to study different mechanisms of tetrazole
formation, including concerted cycloaddition and stepwise addition of neutral or anionic azide species. The
calculations presented here suggest a previously unsuspected nitrile activation step en route to an imidoyl
azide, which then cyclizes to give the tetrazole. The activation barriers are found to correlate strongly with
the electron-withdrawing potential of the substituent on the nitrite.

l. Introduction

Tetrazoles are an increasingly popular functionality! with
wide-ranging applications. They have found use in pharmaceu-
ticals as lipophilic spacers? and carboxylic acid surrogates.? in
specialty explosives? and photography and information recording
systems,® not o mention as precursors (o a varicty of nitrogen-
containing heterocycles.” The most direct method 1o form
tetrazoles is via the formal {2 + 3] cyeloaddition of azides and
nitriles. Hlowever, evidence in the literature indicates that the
mechanism of the reaction is different for different azide species.

When an organic azide is used as the dipole, only certain
highly activated nitriles arc competent dipolarophiles.” In these
cases (he reaction is regiosclective, and only the l-alkylated
product is observed.® 1t is commonly accepted that in these cases

* Corresponding author: e-mail sharples@scripps.cdu.
* Department of Molecular Biology.
¥ Department of Chemastry and The Skaggs Institute for Chemical
Biology.
(1Y Butler, R. N. n Comprehensive Heterocyelic Chemistry; Katritzky, AL R..
Rees. C. W., Scriven, E, F. V.. Eds.; Pergamon: Oxford, UK., 1996; Vol.

4.

{23 A simple search of the MDDR database (6/04) provided 73 1-alkylated
and 151 2-alkvlated 5-C-tetrazoles and 147 1-alkylated and 33 2-alkylated
3-hcterotetrazoles.
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Aled. Chem. 1980, 17, 151183,

(a) Ostrovskii, V. AL Pevaner, M. S.; Kofmna, T. P.; Shcherbinin, M. B.:

Tsetinskii. I V. Targers Heterocvel, Syst 1999, 3, 467526, (b) Hiskey,
Chavez, 1. B Naud, DL L Son, S, Fo Berghowt, H. L. Bome, CLA,

Proc. Int. Pvrorech. Semin. 2000, 27, 3—14,

(5) Koldobskis, G. L; Ostrovskit, V. AL Usp. Khim, 1994, 63, 847—3863.

(6) {a) Huisgen. R.; Sauer, J.: Sturm, H. 15 Markgrafl J, H. Chem. Ber, 1960,

93, 21062124, (b)Y Moderchack, . J. Praki, Chem. 1988, 340, 687709,

(1) Quast, H: Bicher, L. Terahedvon Lot 1976, 18, 1485—1486. (b}

Kmyushin. M. M.: Beskopylnyi, AL M., Zlotin, 8. G.; Lukyanov, O. A

Fhaulin, M. fzo. Akad, Neuk. SSSR Serv. Khim, 1980, 11, 2668, (¢)

/‘l\"er!l! I V.. Zhulin, V. M.; Yarovenko. V. N.: Krayushkin, M. M. fzz,

Ahud Nawk SSSR, Ser. Khim, 1988, 5 1163—=1170. {d) Kiaubert, 1D, H.:

Selistedt, J. H.; Guinosso, C. ). Bell, 8. C.: Capetola, R, J. 1. Med. Cliem,

1981, 24. 748—752. (¢) Demko. 7. P Sharpless, K. B, Angow. Chem.,

Iue Ed. 2002, 12, 2110-2113. (D Demko. Z. P.; Sharpless, K. B dngew,

Chem,, Int. Ed 2002, 12, 2113-2116.

(8) Carpenter, W, R L Ore, Chenr. 1962, 27, 20852088,
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the reaction proceeds via a traditional [2 -+ 3] mechanism (sce
Scheme 1).1Y

Scheme 1
N N N---N N-N
1l THE [2+3] N
"/’ + iil+ —_— EWG/[‘-N/N _— EWG/(N’N
EWG N- | !
5 R R

Of greater interest to us here is the mechanisin behind the
formally similar addition of azide salts and nitriles to give 1//-

tetrazoles. It has long been known'® that simple heating of

certain azide salts with a nitrile in solution (typically 100—150
°C) produces the corresponding tetrazele in high yicld (scc
Scheme 2). This variant is much more synthetically useful, as

Scheme 2
IN N 1 A NN N=N
2) HxO i \
fote a5 L
R N |
X H

R=C,N,S; X=H, HNRz M

the scope of nitrifes that arc competent reactants in this reaction
is very broad. in contrast with the case of organic azides. In
addition, a wide varicty of metal—azide complexes are com-
petent azide donors.!!

Mechanistically. these cases are considerably more compli-
cated: several possible reaction pathways can be envisioned.

(9) Huisgen, R. J Org. Chem. 1968, 33, 22512297

(103 Dimroth, 0.2 Fester. G. Chem. Ber. 1910, 43, 2219—2223,

(11 (a) Dunica. J. V.; Pierce, M. E.: Santella, J. B.. il /. Org. Chem. 1991, 56,
23952400, (b) Willenberger, S. 1. Donner, B. G. /. Org. Chem. 1993,
58, 4139—4141. (¢) Curman, D. P; Hadida, S.: Kim. 5.- Y. Teirahedvon
1999, 55. 8997—-9006. (d) Wiberg, V. B Michaud, H. 7. Naturforseh. #
1954, 9. 496—497, (&) Grzonka, L.. _iberek, B. Rocz. Chem. 1971 15,
967980, ({) Hufl, B. E.; Staszak, M. A. Tetrahedron Len. 1993, 34, 8011—
$014. (2) Kumar, A.; Narayanan, R; Shechter. H. ./ Org. Chem, 1996, 61,
4462—4405. (h) (ml]dnle R.JUL S Patent 5,502,191, 1995, (i) Demko.
7. P.: Sharpless. K. B. .. Org. Chem. 2001, 66, 79457950,
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Claiins have been made for both an anionic two-step mecha-
nism'>1¥ and a concerted {2 + 3] cycloaddition,'® but the data
are not conclusive. Mareover, there is evidence against both of
these mechanisms. For example, Koldobskii ct al.'* showed
that while protic ammonium salts of azide arc competent azide
donors. tetraatkylammonium salts were not, refuting the strictly
anionic two-step mechanism. Also, while virtually all nitriles
are engaged by ammonium azide sults at ctevated temperature,
organic azides only react with the most activated nitriles.' The
fact that these azide salts and organic azides are clectronically
very similar, yet have significantly different reactivities, indicates
that different mechanisms are likely in effect.

Other similar reactions involving nucleophilic attack on
nitriles are known, including acidic hydrolysis of a nitrile lo an
amide,'® and the Pinner synthesis of imidates;!? relevant
mechanistic studies prove illuminating. 1n these reactions, it has
been shown that the rate-limiting step involves the activation
of the nilrile by a protic actd to give an activated nitrile (see
Scheme 3). Surprisingly, previous mechanistic work on tetrazole

Scheme 3
How
i H  +HA '17 wa_ R =H)
/ TP o T HJ\O'R‘ t izati
R R H" automerization R NHz

R
R=C.N; R'=H, alkyl, aryl

formation has not paid heed to these parallels. Is it possible
that 1//-1ctrazole formation follows a similar reaction pathway
to these reactions, wherein the azide moiety engages the nitrile
with the help of this protic nitrile aclivation step?

In the present study, we use quantum chemical calculations
lo probe the energetics of various reaction mechanisins for
addition of azides to nitriles. This study will focus on hydrazoic
acid as the dipole, and the simplest and most widely used'®
procedure involving amine salts of hydrazoic acid."*"*!¥ The
theoretical method employed is the hybrid Hartree—Fock/density
functional theory method B3LYP,2® which has been applied
extensively in organic chemistry in recent years.

Il. Computational Details

All geometrics and energics presented in the present study are
computed with the B3LYP2 density functional theory method as
implemented in the Gaussian93 program package.” Geometry optimi-
zations were performed with the triple-& plus polarization basis set
6-311Gi(d.p). followed by single-point energy calculation using the
larger basis set 6-311+G(2d,2p). Hessians were caleulated at the
BILYP/6-311G{d.p) level of theory, Hessians provide a control that
the stationary points localized are correct, with no imaginary frequencies

(12) Finnegan, W, G Henry, R Ay Lofquist, Ro A i, Chenr, Soc. 1958, 80,
3908~ 3941,

(13} Jursic, 15 Zdravkovski, Z. THEOQCHEM 1994, 118, 1122,

(14} (@) Titova, I E.: Poplavskii, V. 8.; Koldobskii, G. 1.; Ostrovskii, V. A
Nikolaev, V. D.: Erusalimskii. G. B, Khim, Geterosiki. Soedin. 1986, 8.
1086-- 1089, (b) Ostrovskii. V. A Poplavskii, V. 8.0 Koldobskii, G. L.:
Erusalimskii. G. B. Kaim. Gererosikl, Soedin. 1992, 9, 1214—1217.

{15) Dembo. 2. P Sharpless, Ko B Org. Lers 2000, 3, 4091 —4094, Scheme 2,

{16) Sullivan, M. L Kilpatrick, M. L. J Am. Chem, Soc. 1945, 67, 1815~
1823,

(17} {a) Pinmer, A. Die Imidoather und ihre Derivate; Oppenheim: Berlin, 1892,
(h) Ritter, 1. L; Tilmanus, £, ) J Org. Chem, 1957, 22, 830-830, (&)
Schaefer, . C. In The Chemistry of the Cyano Group; Rappoport, Z.. Ed.:
Interscience: Londan. 197): Chapt. 6.

{18) Wittenberuer, 5. 1. Org. Prep. Proced. I 1994, 26, 499-531,

(1Y) Koguro. K5 Opga, T.; Mitsui, 5.0 Orita. R, Sprhesis 1998, 910-%14.

(200 (a) Becke, A, D. Phys. Rew. 1988, 438, 3098—3100. (b) Becke, A, D. J.
Chenr, Phys, 1993, 98, 1372=1377. {¢) Becke, A. D, Chem. Phys, 1993,
28, 5638—5652.

for minima and one imaginary frequency for transition states, and also
to evaluate the zero-point vibrational effects on energy. Unless otherwise
stated, solvation cnergies were added as single-point calculations hy
usc of the conductorlike solvation model COSMO™ at the B3LY P/6-
311G(d,p) fevel. In this model, a cavity around the system is surrounded
by polarizable dielectric continuum. The dielectric constant was chosen
as the standard value for water, ¢ = 80 Some of the experiments were
done in DMF, which has a dielectric constant of € = 37. As the
solvation energy to a first approximation is proportional to (1 — Vi)
for large &, the water and DMF values give almost identical solvation
energics, Since we are mainly interested in reaction barricrs (reactant
— transition state)} and relative barriers, the differences arc not
significant. This is probably best demonstrated by a numerical cxample,
For the [2 + 3] cycloaddition of HN; to McCN, the difference in
solvation energy between ¢ = 37 and ¢ = 80 is 0.1 kcal/mol tor the
reactants and 0.19 kcal/mol for the transition state. The differcnec for
the barrier is hence lower than 0.1 keal/mol. Also, geometry optimiza-
tion under solvation gives very small differences compared to optimiza-
tion in gas phasc and then addition of solvation encrgy as a single-
point caleulation.

The barriers reported in this paper arc calculated relative to free
reactunts. In gas phase, this will introduce an error of several kilocalories
per mole, since the depth of the hydrogen-bonding precursor is
completely neglected. Mowever, when solvation is included, the
precursor complex has a very similar energy to the free reactants. Tests
showed that the differences were ont the order ot (0.1 keal/mol.

To be able to optimize the transition states, it was found crucial to
start the optimization with a Hessian of a somewhat good quality:
typically the HF/3-21G level was used.

All the energics presented in the present paper are enthalpics to which
solvation cnergics arc added. Zero-point cnergy (ZPE) cffects are
included.

{ll. Results and Discussion

A. Neutral Cycloaddition. When the azide is bound 10 an
organic substrale, it seems clear that the reaction proceeds by a
traditional concerted [2 + 3] mechanisin (see Scheme 1). It is
possible that azide salt specics simply play the role of a
covalently bound azide, a situation very similar clectronically
to that of organic azides. These two cases are considered in
this section. Qur caleulalions show that intermediates such as
those shown in Chart | arc not stable: thus, as previous studics

Chart 1
N Mg - N
)L N }\‘ N
] R A
"

have shown, a concerted [2 + 3] cycloaddilion is the most likely
pathway for the bimolecular addition of nonionic azides to
nitriles.

(21) M. ). Frisch, G. W. Trucks, H. B. Schlegel, G. £, Scuseria, M. A. Robb,
1. R, Cheeseman, V. G. Zakrzewski, ). A, Montgomery, Jr., RLE. Stratmams,
1. C. Burawt, S. Dapprich, J. M. Millam. A. D. Daniels. K. N. Kudin, M.
C. Strain, O. Farkas, J. Tomasi, V., Barone, M. Cossi. R, Camimi, i3.
Mennucei. C. Pomellic C. Adamo, S. Clifford. J. Ochterski, G. A, Pelerssou,
P. Y. Ayala, ). Cui, K. Morckuma, D. K. Malick, A. D). Rabuck. K.
Raghavachari, ). B, Foresman, 1. Cioslowski, J. V. Ontiz, A. G. Baboul. B.
3. Stetanov, Gi. Liu, A. Liashenko, P. Piskorz. I. Komaromi, R, Gomperts,
R. 1. Mamn. 1. L Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A
Nanayakkara, M. Challacombe. P. M. W. Gill. B. Johuson, W. Chen, M.
W. Wong. ). L. Andres, €. Gonzalez, M. Head-Gordon, K. 8. Replogle.
and J, A. Pople. Gaussian 98, Revision A.9: Gaussian, Inc.: Pittsburgh,
A, 1994,

{22y () Barone, V.; Cossi, M. .1 Phvs. Chem. 1998, 102, 1995-2001. (b) Barone.
B.: Cossi, M.: Tomasi, J. /. Compun. Chem. 1998, 19, 404—417,

(23) Orozeo, M Lugue. F. J. Chamn. Rew. 2000, 100, 4187—4226.
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In the context of the concerted cycloaddition, two dilTerent
isomers of tetrazole, the 1,5- and 2,5-disubstituted, can be
formed (see Scheme 4). We have caleulated the transition states

Scheme 4

R
N / R R \F'l'
N w
| | . IN + TSI 1,5-tetrazole
N ;?' ,R.
R R .N
\ TN e N~ N
N N \
)\ ) '\1/ )L a
Tt N
H R
TS2 2 .5-tetrazole

for the cycloaddition of methyl azide (MeNs) and hydrazoic
acid {HNj;) to a number of substituted nitriles, with substituents
ranging from electron-donating (methyl) to very clectron-
withdrawing (luorine). The barriers and reaction cnergics are
presented in Table |, and the transition-state and tetrazole

Table 1. Calculated Barriers and Exothermicities? for Neutrai [2 -+
3] Cycloaddition Reaction of RCN with R’Na

AH AH

R R TS1 TS2 A(TS1-TS2) 15-tevrazole 25-ewrazole AAH

I Me Me 316 37.8 —6.2 —194 —19.0 0.4

2 Ph Me 325 37.8 -53 ~17.4 204 +3.0

3 tBu Me 348 38.7 -39 —14.5 -17.3 +2.7

4 MeS Me 285 33.6 =5.1 —204 —20.1 -0.3

5 MeO Me 259 339 —38.0 -219 —28.3 +0.4

6 CH,F Me 278 335 —5.7 —-229 —24.7 +1.8

7 CHF, Me 233 297 —6.4 —31.8 =290 —-2.3

8 CF; Me 218 277 -5.9 —-293 —-31.9 +2.6

9 MeSO; Me 204 261 =57 —264 —-29.6 +3.2
10 F Me 181 278 —-9.7 —35.7 —38.9 +3.2
11 Me H 351 417 —6.6 —13.7 —12.5 1.2
12 MeSO; H 237 297 —6.0 =211 —249 +3.8
13 F H 219 319 -10.0 —29.5 =319 +2.3

® Values are in kilocalories per mole.

geometrics for two of these reactions (with methyl and meth-
visulfonium substituents) are displayed in Figure 1.

Of primary note is that all reactions are strongly cxothermic,
with the more electroncgative substituents on the nitriles yielding
greater exothermicitics. The actual exothermicities are somewhal
overestimated, as cntropy cffeets are not included in the
calculations.

Experimentally, the 1-substituted tetrazole is exclusively
formed, as mentioned above. This is consistent with calculations
which show that TS1, for all substituents, is considcrably lower
than T82. The dilference runges from 9.7 kcal/mol for the
extremely electron-poor fluoronitrile; to 3.9 kcal/mol for the
relatively electron-rich and very bulky rert-butyl nitrile. A
general trend is that the more activated the nitrile, the larger
the difference between TSI and TS2. Also, the swe of the
substituents affects the difference, as there is Iess steric repulsion
in TS2 than in TS,

From Table 1 we can see that the barriers for the {2 + 3]
cycloaddition (TS1}) are comrelated with the electron-withdrawing
power of the substiluents, Accordingly, the lowest barricrs arc
found for the very clectroncgative sulfonium and fluorine groups
(lincs 9 and 10). This effect is also seen in the serics where the

12212 J. AM. CHEM. SOC. » VOL. 124, NO. 41, 2002

substiluents arc -CHy, -CH,F, -CHF», and -CF; (lines 1, 6. 7.
and &): the barricrs [or the reactions of these with methyl azide
arc 31.6, 27.8, 233, and 21.8 kcal/mol, respectively. A
sccondary factor is the steric bulk of the substitucnt. For
instance, feri-butyl nitrile has a barrier 3.2 kecal/mol higher than
that of methylnitrile (34.8 vs 31.6 keal/mol).

Transition-state geometries change slightly depending on the
substituent. The Cpipile-Nazide distance of TSI, for exumple.
varics between 1.80 and 1.99 A, with the clectronegative
substituents causing shorter distances. The Nuiriie-Nusige distance
varies between 1.96 and 2.40 A, with the clectroncgative
substituents now causing longer distances. The angles adjust
accordingly; the NNN angle of the azide varics between 131°
and 139°, while the RCN angle varics between 1397 and 147
Hence, the more clectron-withdrawing substitucnt has the more
asymmetric transition state.

It is interesting 1o note that the energy needed to bend the
RCN angle varies considerably with the substituents. For
instance, the energy needed to bend the CCN angle in meth-
ylnitrile from lincar to 140° (the approximate angle al the
transition state) is 13.5 kcal/mol, while the encrgy necded to
bend the SCN angle in sulfonylnitrile to the same degree is 6.4
kcal/mol. This explains in part the lower barrier found for the
clectronegative substilucnis.

11 is also interesting to note that in gas phase. ay previous
studies have found.* the 2,5-tetrazoles arc generally slightly
more stable than the corresponding 1/4-isomers. [However, the
1,5-isomer has in general a higher dipole mement (6.2 vs 2.6
D for diinethyltetrazole, for cxample) and hence solvates betier,
which results in relative stabilities of the 1,5- vs 2.5-isomers
very close to onc another, in the range ol 33 keal/mol,
depending on the size and electronegativity of the substitucnts,

B. Anionic Cycloaddition. In reactions where NaN3 s added
to nitrile in nonprotic organic solvents, such as dimethyllor-
mamide (DMF) or glyme,'2% it has been found that yields are
generally lower, and higher reaction temperatures are required.
In these cascs, there are two possible mechanisms, assuming
the cation does not play a role, cither a direet [2 + 3]
cycloaddition or a two-step sequence wherein the azide first
nucleophilically attacks the nitrile, followed by ring closure. In
this section Lhe barriers for the eycloaddition of the azide anion
to nitriles have been calculated, with the same set of nitriles as
in the previous scction, The results are listed in Table 2, and

Table 2. Calculated Barriers and Exothermicities® for Anionic [2 +
3] Cycloaddition Reaction of RCN with N3~

R barier tetrazole

1 Me 338 —14.3
2 Ph 324 —16.5
3 tBu 372 =113
4 MeS 26.5 —17.1
5 MeO 223 —242
6 CHaF 24.6 ~23.6
7 CHE, 18.9 —29.5
8 CFy 12.8 =340
9 MeSO, 10.7 ~31.2
10 F 53 —39.5

7 Values are in kilocalorics per mole.
two typical transition-state geometries are given in Figure 2.2
As in the casc of the neutral [2 + 3] cycloaddition, the bagricr
for anionic [2 + 3] cycloaddirion deercascs with increasing
electron-withdrawing potential of the substituent on the nitrile.
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Figure 1. Optimized structures of transition states 1 (A, E) and 2 (B, F) and corresponding tetrazole products (C, D, G, H) formed from cycloaddition of

methy! azide and acctonitrile (Table 1, line 1; structures A—D) or methy! azide and sulfoniumnitrile (Table 1, line'9; structures E—H). Bond lengths are

given in angsiroms,

Figure 2. Oplimized transition-stale structures for addition of N3~ to
methylnitrile (A) and methane sulfonylnitrile (B).

However, n this case, the slope of the change in barrier versus
clectronic character is greater {sce Figure 6). For example, the
barriers for the anionic reaction with the relatively electron-
rich acetonitrile and rert-butylnitrile (Table 2. lines | and 3)
are slightly more than 2 kcal/mol higher than for the concerted
neutral reaction. The relatively clectroncutral benzonitrile (Table
2, line 2) has an almost identical barrier, and the clectron-poor
methyleyanate (McOCN} and extremely clectron-poor meth-
ancsulfonyl cyanide (Table 2, lines S and 9) have barriers which

(24) Sadlej-Sosnowska, N.JL Org. Chem. 2000, 66, 8737—8743. and references
therein.

(23} Sauer. i Huisgen. R, Stram, H. ). Terrahedion 1960, 17, 241251,

(26) A word of caution regarding the sofvation energy of Ny~ is in place here.
Negatively charged molecules of this small size tond usually w be
undersolvated with the methods used here. This would mean that the bacriers
caleulated here are somewhat underestimated. However, since the error is
constant, this shoukd not affect relative barriers.

are 3.6 and 9.7 kcal/mol lower, respectively. than the comparable
concerted neutral reaction.

The geometry of the transition state of anionic reactton is
more asymmetric than for the neutral reaction; the Cirte—Nazide
distance is significantly shorter than the Nyjyriie—Nuvide distance.
The difference grows with the clectron-withdrawing potential
of the substituent. For acetonitrile, tor example, the N—C
distance is 1.63 A and the N—N distance is 2.37 A. while for
sulfonyl cyanides the same distances are 1.50 and 244 A,
respectively.

For very strong clectron-withdrawing groups. like F~ or
RSO,~, an intermediate such as that found in Charnt 2 could be

Chart 2

found. However, il is weakly bound, as seen for instance {rom
the rather long N—C bond length (1.57 A for FCN and 1.49 A
for CH;SO-CN). The intermediate is at about the same cnergy
as the free reactants, with a very small barrier for its formation
(transition state could not be optimized, but lincar (ransit
calculations gave an estimate of the barrier to be less than 4
kcal/mol). Despite the cxistence of this intermediate for the
strongly activated nitriles, the transition state tor the ring closing
turns out (o be idenlical (o the concerted [2 + 3] transition state,
indicating that the two pathways are essentially the same.

C. Proton Involvemeat. As mentioned in the Introduction.
Koldobskii el al.'* showed that only ammoniwmn salts of azide
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that contain a proton are competent dipoles; tetrabutylammo-
nium azide does nol work.® What then is the role of the proton?
Could 1t play the same role as it does in acid-catalyzed
hydrolysis of nitriles or in the Pinner synthesis, namely,
activation of the nitrile?

On the basis of the calculations, we propose that when a
proton is available, the tetrazole reaction procecds via interme-
diate P as in Schene 5 (optimized geometries of the intermediate
are shown in Figure 3A.C), instead of a direct [2 + 3] dipolar

Figure 3. Optimized structures of intermediate P and the ring-closing
transition stales for methylnitrile (A, B) and methane sulfonylnitrile (C,
D).

Table 3. Calculated Energy? of Intermediate P Relative 1o HNj +
RCN, and the Barrier for Ring Closing from There to Form the
Tetrazole

barrier for formation of intermediate P

R intermediate P fing closing barier  direct TS~ NHS TS waler TS
I Me +3.3 +15.3 +31.0 +20.8 +26.8
2 McS —-1.6 +15.9 +29.2 +15.5 +24.8
3 MeO —12.0 +19.4 +29.1 +12.6 +24.1
4 MeSO, —11.4 +17.8 +30.1 +5.3 +23.4

« Values are in kilocalories per mole. Also included are the three models
used to calculate the barrier for the formation of the intermediate, as
discussed in the text.

cycloaddition. This intennediate is quite stable; for R = Mc it
is 3.3 keal/imol less stable than the free reactants, HIN; and
MeCN. As scen in Table 3, the stability of the intermediate
increases with the clectron-withdrawing potential of the sub-

12214 J. AM. CHEM. SOC. = VOL. 124, NO. 41, 2002

stituent on the nitrile. For MeSO,CN, for instance, the inter-
mediate has as much as 11.4 kcal/mol lower energy than the
free recactants.

From intermediate P, the barrier to close the ring and forin
1-tetrazele is very feasible, ca. 15—19 keal/mol (via TS2) with
respect 10 intermediate P depending on the nature of the
substitucnt {see Table 3). Hence, once the intermediate is
created, the tetrazole can readily be formed.

How Then 1s Intermediate P Formed? The transition states

have been calculated (or three scenarios for the creation of

intermediate P. The first possibility considercd is a dircei
concerled attack of HN3z on the nitrile in which the proton is
transferred to the nitrile nitrogen and at the same time the N—C
bond is formed ({typical six-membered ring transition-staie
structurcs arc shown in Figure 4). This reaction, which assumes

A B

Figure 4. Optimized (ransition-state structures for the direct concerted
attack of HN; on the methylnitrile (A) and methane sulfonylnitrile (B), to
form intermediate P via a transition state with a six-membered ring.

that the azide is protonaied, has a barrier of around 30 keal/
mol, with small variations depending on the nature of the
substituent (see Table 3). This is a relatively high activation
barrier, which can compete with the neutral and anionic
concerted [2 + 3] cycloaddition only for highly inactive nitriles,

Considered second is the mechanisin where the proton comes
from NHy*. This rcaction was modeled in two different ways,
which, interestingly, gave very similar transition states and
almost identical barriers, The first model starts from the neutral
species HN; and RCN, and ammonia (NH;} mediates the proton
transfer from the azide to the nitrile. with the concomitant
formation of the N—C bond. The optimized transition-state
structure for R = Me is given in Figure 5A. The second modct
assumes a deprotonated azide ion (Na7) and protonated am-
monium species (NHy ). Here the geometry optimization had
10 be performed under the solvation to circumvent the large
charge separation that in the gas phasc causes the moicty to
collapse into neutral moleculcs. The optimized transition-state
structure is given in Figure 5B.

The barriers for these two models arc almost identical. For
instance, for R = Me the neutral model yields a barrier of 20.8

ot
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Figure 5. Optimized transition-state structures for the formation of intermediate P according to different models: a neutral mode! starting from HN;, NH;,
and McCN (A); an ionic model starting from N;~, NIMsF, and MeCN, geometry-optimized in solvent (B); and a neutral model starting from HN3, H20, and

MeCN (C),

A0

—~ neulral [2 + 3] cycloadditbn

35 —8— anionic [2 + 3] cycloadditon

A nitrle activaton mechanism
30 -

25

20

Barrier [kcakimol]

tBu Me Ph MeS CHF MeO CHF2
Nitrile Substituent

CF3  MeS02 F

Figure 6. Summary of reaction barriers calculated in the present study.
Noie that triangles show the barrier only for formation of intermediate P
and not for the subsequent ring closing, which has a barrier of ca. 15—19
kcal/mol depending on substituent group (see text and Table 3 for details).

keal/mol, while the ionic model gives a barrier of 21.3 keal/
mol, ie., a difference of only 0.5 kcal/mol. This barrier is
considerably lower than all mechanisms previously considered
in this paper. Compare these numnbers with those for attack of
hydrazoic acid through a six-membered transition state (31.0
keal/moel), the neutral [2 <+ 3] cycloaddition of HNz to CH;CN
(33.1 keal/mol), and the anionic [2 + 3} cycloaddition of N3~
to CH3CN (33.8 keal/mol). The same conclusion applies to all
other substitution patterns studicd (sec Table 3). When the nitrile
is adached 1o a methoxy group (methyl cyanate), the am-
monium-inediated reaction has a barrier (12.6 kcal/mol) sig-
nificantly lower than that in the attack of HN; through the six-
membered fransition state (29.1 kcal/mol) or the [2 + 3]
cycloaddition of HNj {25.9 kcal/mol) or the anionic [2 + 3]
cycloaddition of Na™ (22.3 keal/mol}. Within a few kilocalories
per mole, the various mechanisms have the same centropy.
interestingly, us Table 3 indicates, for strongly electronegative
substitucnts, the ring-closing step, which has a barrier of 16—
19 keal/mol, inight becomne the rate-limiting step. However, the
eniropy effect for the creation of intermediate P should raisc
the barricr of that compared to the ring-closing step (estimated
at ca, 5—7 keul/mol).

0 T T T T T ¥ ]
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Figure 7. Calculated potential energy surfaces for the various mechanisms
considered for the formation of tetrazole from azide and acetonitrilc.

Last, we have investigated whether @ waler molecule can
facilitate the reaction in the same way as ammonia (transilion-
state structure shown in Figure 5C). As scen from Table 3.
although the water molecule reduces the barrier compared (o
the direct attack, it is still significantly igher than the ammonia-
mediated reaction. Furthermore, the barrier shows a very modest
decrease with the electroncgativity of the substituent. While the
barrier difference between R = Me and R = MeSO; 18 only
3.4 keal/moil in the waler-catalyzed reaction, it is as large as
15.5 kcal/imol in the ammonium-catalyzed reaction.

To summarize this section, in situations where a proton is
readily available, a stepwise reaction through intermediate P i3
more lavorable than [2 + 3] cycloaddition reactions, cither
neutral or anionic. This mechanism is sumlar to the known
mechanisms of acid-catalyzed nitrile hydrolysis and the Pinner
synthesis, with the difference being that the nucteophile is an
azide. The key to this mechanism’s low-energy TS is that the
nitrile is activated by a proton. Experimentally, this is provided
by ammonium sali, but of course other prolon sources could
play the same role.

IV. Conclusions

In the present study we have cxamined the energetics of
different mechanisms for formation of wetrazole from azide and
nitriles. This has been done by means of the B3LYP density
functional theory method. The barriers for the dilTerent mech-
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anisms arc summarized in Figures 6 and 7. The main result of
the calculations is that when a proton is available, the reaction
proceeds via the protonated intermediate P, as shown in Scheme
5. The wransition state leading to the formation of intermediate
P involves the activation of the nitrile by a proton, facilitating
the attack of the azide on the carbon of the nitrile. From
intermediate P, simple 1,5-cyclization occurs to give the 1/-
tetrazole. This mechanism is consistent with available experi-
mental results and with similar known mechanisms for related
rcactions involving nuclcophilic attack on nitriles.

Addition reactions such as thc ones studicd in the present
paper usually exhibit large entropic effects. These were not
reported in the tables primarily because we are interested in
trends and relative effects, and accurate determination of

12216 J. AM. CHEM. SOC. = VOL. 124, NO. 41, 2002

entropies of bimolecular reactions in selution involves a nunber
of subtle issues.??
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Sodium triacetoxyborohydride is presented as a general reducing agent for the reductive amination
of aldehydes and ketones. Procedures for using this mild and selective reagent have been developed
for a wide variety of substrates. The scope of the reaction includes aliphatic acyclic and cyclic
ketones. aliphatic and aromatic aldehydes, and primary and secondary amines including a variety
of weakly basic and nonbasic amines. Limitations include reactions with aromatic and unsaturated
ketones and some sterically hindered ketones and amines. 1,2-Dichloroethane (DCE) is the preferred
reaction solvent, but reactions can also be carried out in tetrahydrofuran (THF) and occasionally
in acetonitrile. Acetic acid may be used as catalyst with ketone reactions, but it is generally not
needed with aldehydes. The procedure is carried out effectively in the presence of acid sensitive
functional groups such as acetals and ketals; it can also be carried out in the presence of reducible
functional groups such as C—C multiple bonds and cyano and nitro groups. Reactions are generally
faster in DCE than in THF, and in both solvents, reactions are faster in the presence of AcOH. In
comparison with other reductive amination procedures such as NaBH3;CN/MeQOH, borane—pyridine,
and catalytic hydrogenation, NaBH{OAc); gave consistently higher yields and fewer side products.
In the reductive amination of some aldehydes with primary amines where dialkylation is a problem
we adapted a stepwise procedure involving imine formation in MeOH followed by reduction with

3849

NaBHq‘

Intreduction

The reactions of aldehydes or ketones with ammonia,
primary amines, or secondary amines in the presence of
reducing agents to give primary, secondary, or tertiary
amines, respectively, known as reductive aminations {of
the carbonyl compounds) or reductive alkylations (of the
amines) are among the most useful and important tools
in the synthesis of different kinds of amines. The
reaction involves the initial formation of the intermediate
carbinol amine 3 (Scheme 1) which dehydrates to form
an imine. Under the reaction conditions, which are
usually weakly acidic to neutral, the imine is protonated
to form an iminium ion 4.2 Subsequent reduction of this
iminium ion produces the alkylated amine product 5.
However, there arc some reports that provide evidence
suggesting a direct reduction of the carbinol aminc 3 as
a possible pathway leading to 5.2 The choice of the
reducing agent is very critical to the success of the
reaction, since the reducing agent must reduce imines
(or iminium ions} selectively over aldehydes or ketones
under the reaction conditions.

The reductive amination reaction is described as a
direct reaction when the carbonyl compeund and the

amine are mixed with the proper reducing agent without
prior formation of the intermecdiate imine or iminium
salt. A stepwisc or indirect reaction involves the prefor-
mation of the intermediate imine followed by reduction
in a separate step.

The two most commonly used direct reductive amina-
tion methods differ in the nature of the reducing agent.
The first method is catalytic hydrogenation with plati-
num, palladium, or nickel catalysts.??? This is an
economical and effective reductive amination method.
particularly in large scale reactions. However, the reac-
tion may give a mixture of products and low yields
depending on the molar ratio and the structure of the
reactants.® Hydrogenation has limited use with com-
pounds containing carbon—carbon multiple bonds and in
the presence of reducible functional groups such as
nitre®? and cyano’ groups. The catalyst may be inhibited
by compounds containing divalent sulfur.® The second
method utilizes hydride reducing agents particularly
sodium cyanoborohydride (NaBH;CN) for reduction.® The
successful use of sodium cyanoborohydride is due to its
stability in relatively strong acid solutions (~pH 3). its
solubility in hydroxylic solvents such as methanol, and
its different selectivities at different pH values.'® At pH

® Abstract published in Advance ACS Abstracts, May 1, 1996.

(1} Presented in part at the 33rd ACS National Organic Symposium,
Bozeman, Mo, June 1983, Paper A-4. Preliminary communications: (a)
Abdel-Magid, A. F.; Maryanoff, C. A_; Carson, K, G. Tetrahedron Lett.
1990, 37, 5595. (b} Abdel-Magid. A. F.; Maryanoff, C. A. Synfett 1990,
537,

{2} The formation of imines or iminium jons was reported as possible
intermediates in reductive amination reactions in catalytic hydrogena-
tion methods. see (a) Emerson, W. S. Org. React. 1948, 4, 174 and
references therein. It was also proposed in hydride methods, see (b)
Schellenberg, K. AL J. Org. Chern. 1963, 28, 3259.

(3) Tadanier, J,; Hallas, R.; Martin, J. R.; Stanaszek, R. S. Tetra-
hedron 1981, 37, 1309

(4) (a) Emerson, W. S.; Uraneck, C. A. J. Am. Chem. Soc. 1941, 63,
749. (b) Johnsen, H. E.; Crosby, D. G. J. Org. Chem. 1962, 27, 2205.
fc) Klyuev, M. V., Khidekel, M, L. Russ. Chem. Rev. 1980, 49, 14

(5) Skita. A.; Keil, F. Chem. Ber. 1928, 611, 1452,

(6) Roe, A.; Montgomery, J. A. J. Am. Chem. Soc. 1953, 75, 910,

(7) Rylander, P. N. In Catalytic Hydrogenation ever Platinum
Metals, Academic Press, New York, 1967: p 128.

(8) Rylander, P. N. In Catalytic [lydrogenation aver Platinum
Metals, Academic Press, New York, 1967; p 21.

(9) For a recent review on reduction of C=N compounds with hydride
reagents see: Hutchins, R. O., Hutchins, M. K. Reduction of C=N to
CHNH by Metal Hydrides. In Comprehensive Organic Synthesis, Trost,
B. N., Fleming, 1., Eds.; Pergaman Press: New York, 1991: Vol, 8,

50022-3263(96)00057-6 CCC: $12.00 © 1996 American Chemical Society
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3—4 it reduces aldehydes and ketones effectively, but this
reduction becomes very slow at higher pH values.'' At
pH 6—8, the more basic imines are protonated preferen-
tially and reduced faster than aldehydes or ketones.'”
This sclectivity allows for a convenient direct reductive
amination procedure. The literature is replete with
publications that document the use of sodium cyanoboro-
hydride in reductive amination reactions.'? Limitations
are that the reaction may require up to a fivefold excess
of the amine,'” is usually slow and sluggish with aromatic
ketones!® and with weakly basic amines,'® and may result
in the contamination of the product with cyanide.’* The
reagent is highly toxic!S and produces toxic byproducts
such as HCN and NaCN upon workup.

Other reported reductive amination reagents include
borane-pyridine,'* Ti(QiPr)#/NaBH;CN,'® borohydride
exchange resin, % Zn/AcOH,'® NaBH,/Mg(Cl10,)z,'% and
Zn(BH4)2/ZnCl,.'% In addition, there are some reports
of electrochemical reductive amination reactions.!”

In our work on hydride-induced reductive aminations
of aldehydes and ketones, we sought an alternative to
the toxic sodium cyanoborohydride to eliminate the risk
of residual cyanide in the preduct and in the workup
waste stream, particularly for large scale reactions, Af-
ter surveying many of the commercially available hy-
dride reagents, we selected sodium triacetoxyborohydride

{10) Borch, R. F.; Bernstein, M. ID.; Durst, H. D. ). Am. Chem. Soc.
1971, 93, 2897,

{11) Borch, R. F., Durst, H. 13, /. Am. Chem. Soc. 1969, 91, 3996.

{12) (a) Hutchins, R. O.; Natale, N. R. Org. Prep. Proced. Irnt. 1979,
71(5). 201. (b} Lane, C. . Synthesis 1975, 135.

(13) Occasional use of weakly basic or nonbasic amines was reported,
see for example: (a) Pelter, A., Rosser, R. M., Mills, S. J, Chem. Soc,,
Perkin Trans, 1 1984, 717. (b} Mattson, R. J., Pham, K. M.; Leuck, D.
J. Cowen, K. AL L Org. Chem. 1990, 55, 2552. (¢} Boreh, R, F.; Hassid,
AL L Org. Chem. 1972, 37,1673, (d) Marchini, P.; Liso, G.: Reho, A
Liberatore, F.; Moracci, F. M. /. Org. Chem. 1975, 40, 3453.

(14) (1) The product from large scale reduction of the imine (i) with
sodium cyanoborohydride was contaminated with cyanide, (b) A similar
result was reported recently: Moormann, A, E. Synth. Comnmnui, 1993,

23, 789,
CH, /\/@OCH]
S

Ph .
I

{15) For information on the safcty data and health hazards associ-
ated with sodium cyanoborohydride see: The Sigma-Aldrich Library
of Chemnical Safety Data, 1st ed.; Lenga, R. E., Ed.. Sigma-Aldrich
Corp.: Milwaukee, 1985, p 1608,

(16} {a) Yoon, N. M.; Kim, E. G.; Son, H. S.; Choi, J. Synth. Commur.
1993, 23, 1595, (b) Micovic, 1. V. Ivanovic, M. D; Piatak, D. M.; Buojic,
V. Dj. Synthesis 1991, 1043. () Brussce. J.: van Benthem, R. A, T. M.
Kruse. C. G.: van der Gen, A. Tetrahedron: Asymmeiry 1990, /, 163.
{d) Bhattacharyya. S.; Chatterjee, A, Duttachowdhhury, 5. K. J. Chem.
Soc.. Perkin Trans. 11994, 1

(17) (a) Pienemann, T.. Schafer, H.-J. Synthesis 1987, 1005, {b}
Smirnov, Yu. D.; Tomilov, A. P. J. Org. Chem. U S5.5.R. 1992, 28(i).
42, () Smirnov, Yu. D.; Pavlichenko, V. F.; Tomilov, A. P. J. Org. Chem.
USSR 1992, 28(3). 374

Rg = alkyl or aryl

INaBH(OACc)s].'® This borohydride reagent is mild and
exhibits remarkable selectivity as a reducing agent. It
reduces aldehydes selectively over ketones.'® except for
B-hydroxy ketanes which can be reduced selectively to
give 1,3-trans diols.!”® The steric and the electron-
withdrawing effects of the three acetoxy groups stabilize
the boron—hydrogen bond and are responsible for its mild
reducing properties.?® Our selection was also based on
the results of reductive alkylation of amines using sodium
borehydride in neat liquid carboxylic acids reported
carlier by Gribble ef al

In this paper we report the results of our comprehen-
sive investigation of the scope and limitations of sodium
triacetoxyborohydride in a procedure for direct reductive
amination of aldehydes and ketones with a variety of
aliphatic and aromatic amines. This report also includes
an alternative stepwise route for the reductive amination
of aldehydes with primary amines which involves the
preformation of imines and their subsequent reduction
with NaBH, in one-pot reactions.

Results and Discussions

The direct reductive amination reactions were carried
out in 1,2-dichloreethane (DCE), tetrahydrofuran (TEHL),
or acetonitrile. The standard reaction conditions are as
follows: a mixture of the carbonyl compound and the
amine (0—5% molar excess) in the desired solvent is
stirred with 1.3—1.6 equiv of sodium triacetoxyborohy-
dride under a nitrogen atmosphere at room temperature.
In seme reactions, acetic acid (1—2 mal equiv) is added
to the mixture. The progress of the reaction is followed
by GC and GC/MS analysis. The results from various
reductive amination reactions of ketones and aldchydes
are listed in Tables 1 and 2, respectively. Solvents such
as water or methanol are not recommended. Reactions
in mecthano! resulted in a fast reduction of the carbonyl
compound, and the reagent decomposed in water.

(a) Reductive Amination of Ketones. The results
in Table 1 show that the reductive amination of a wide
variety of ¢yclic and acyclic ketones with primary and

(18) {a) Gribble, G. W.. Ferguson, D. C. J. Chem. Soc., Chent,
Commurn. 1975, 535. (b) Nutaitis, C. F.; Gribble, G. W. Tetrahedron
Lett. 1983, 24, 4287. (c) Gribble. G. W. In Encyclopedia of Reagenis
for Organic Synthesis, Paguette, L. A, Ed., John Wiley and Sons: New
York, 1995; Vol. 7, p 4640.

(19) See for example: (a) Saksena, A. K.; Mangiaracina, P. Terra-
hedron Letr. 1983, 24, 273. (b) Evans, D. A.; Chapman. K. T.
Tetrahedron Lett. 1986, 27, 5939, (¢} Evans, D. A., Chapman, K. 1'.;
Carreira, E. M. J. Am. Chem. Soc. 1988, 110, 3560.

(20) Gribble, G. W.: Nutaitis, C. F. Urg. Prep. Proced. int. 1985, 17,
317.

(21) Earlier work by Gribble et al. demonstrated the potential of
triacyloxyborohydrides generated from NaBHy in ncat liquid carboxylic
acids in reductive alkylation of amines: (a) Gribble, G. W.: Lord, .
D.: Skoinicki, J.; Dietz, S. [ Eaton, 1. T.; Johnson, J. L. J. Am. Chern
Soc. 1974, 96, 7812. (b) Gribble, G. W.; Jasinski, J. M. Pellicone, J.
T.. Pancuia, J. A. Synthesis 1978, 766,
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Reductive Amination of Aldehydes and Ketones

secondary amines was successful under the standard
conditions and gave the desired products in good to
excellent yields. The scope of the reaction includes
different alicyclic ketones, from cyclobutanone to cy-
clododecanone (Table 1: entries 1-23), bicyclic ketones
such as norcamphor and tropinone (Table 1: entries 24—
30), saturated acyclic ketones (Table 1: entries 31—39).
and keto esters (Table 1: entries 47—49). Nearly all
primary and nonhindered secondary amines were used
successfully in these reactions. For the same ketone, the
rate of the reaction was dependent on the steric and
electronic factors associated with the amines. In general,
primary aliphatic amines reacted faster than primary
aromatic and secondary aliphatic amines (Table 1: en-
tries 10 vs 11; 14 and 15 vs 16 and 17; 24 vs 26 and 27).
Cyclic secondary amines such as morpholine reacted
faster than acyclic secondary amines such as diethyl-
amine (Table I: entry 33 vs 36) while the sterically
hindered diisopropylamine did not react even after days
{Table 1: entry 45). In some slow reactions (e.g., Table
{: entries 11, 27, 32, 34, and 36), small amounts of side
products were formed (1-5% by GC area % analysis)
from N-ethylation and N-acctylation of the starting
amines.?2 These impurities were casily removed in the
workup or during the recrystallization of the salts.

The reaction conditions are very mild and can tolerate
the presence of acid sensitive functional groups such as
acetals and ketals. For example, the reductive amination
of cyclohexanedione monoethylene ketal with primary
and secondary amines afforded good to excellent isolated
yields of the corresponding amines (Table 1: entries 14—
18). Another example is the reductive alkylation of
aminoacetaldehyde diethyl acetal with cyclododecanone
(Table 1: entry 9). A particularly useful example is the
reaction involving cyclohexanedione monoethylene ketal
and aminoacetaldehyde diethyl acetal (Table 1: entry 18)
which provides a secondary amine product containing
protected aldehyde and ketone functionalities in a nearly
quantitative yield.

Of all the ketones used in this study, small aliphatic
cyclic ketones, ranging from cyclobutanone to cyclohex-
anone, were most reactive. Larger cyclic ketones such
as cyclooctanone and cyclododecanone and acyclic ketones
such as 2-heptanone reacted somewhat slower. Reactiv-
ity of cyclobutanonc was so high that its reaction with
benzylamine gave a mixture of mono- and dicyclobutyl-
benzylamines even with the use of excess amine (Table
1: entry 2). Clean formation of N,N-dicyclobutylbenzyl-
amine resulted with the use of a 1:2 molar ratio of amine
to ketone (Table 1: entry 1). The reactions with second-
ary amines were very effective since there was no
dialkylation product (Table 1: entry 3).

The least reactive ketones were aromatic, o,f-unsatur-
ated, and sterically hindered ketones. Aromatic and oS-
unsaturated ketones reacted very slowly (Table 1: entries
40, 41. and 43). Experimentally, a saturated aliphatic
ketone was reductively aminated, selectively, and quan-
titatively in the presence of an aromatic or o S-unsatur-
ated ketone (Table 1: entries 42 and 44). The unreacted
ketones were recovered unchanged except for the forma-
tion of trace amounts of their imines (as determined by
GC/MS analysis of the reaction mixture). Sterically
hindered ketones were cven less reactive than aromatic

(22) The N-ethylaiion of amines is a major process in reaction of
amines with sodium berehydride in neat acetic acid and is believed o
proceed through an acetaldehyde formation @
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and a,8-unsaturated ketones, e.g.. camphor showed no
reaction with benzylamine after four days (Table 1: entry
46). The steric factors associated with both ketones and
amines seem to be very important in determining the
outcome of the reaction.

In reactions where the formation of diastereomers was
possible, we observed varying degrees of selectivity.
Reductive amination of 4-tert-butyleyclohexanone with
pyrrelidine and cyclohexylamine occurred with a moder-
ate diastereoselectivity to give the thermodynamically
less favored cis products. This results from equatorial
attack by the hydride reagent on the intermediate iminc.
to form the axial amine (Table 1: entries 19 and 20).2%
The reductive amination of andrestanolone with isopro-
pylamine gave a mixture of 3o- and 38-(isopropylamino)-
androstan-17£-ol in about 25:75 ratio (Table L: entry 21).
The reactions invelving bicyclic ketones showed higher
degrees of diasterecselectivity. T'or example, the reduc-
tive aminations of norcamphor led to the exclusive
formation of the endo products, from exo attack by the
hydride reagent. The reductive amination of norcamphor
with benzylamine (Table 1: entry 24} produced a single
product. This product was identical to that obtained from
the reductive aminatien of benzaldehyde with endo-2-
aminonorbornane (Table 2: entry 13), thus confirming
the endo stereochemistry of the product.

Reductive amination of tropinene with primary amines
such as benzylamine and aniline (Table 1: entries 28 and
29) was accomplished in good yield and high diastereo-
selectivity giving the endo isomer as the major product
(determined by 'H NMR).2* The reaction with benzyl-
amine gave the endo and exo products in approximately
20:1 ratio while the reaction with aniline showed no
detectable exo product. The reaction of tropinone with
piperidine was extremely sluggish giving low conversion
to about a 1:1 mixture of the exo- and endo-products after
four days of reaction (Table 1: entry 30).

The poor solubility of ammonium acetate in DCE, THF,
ar CHaCN limits its use in the reductive amination of
ketones to prepare primary amines. The initial primary
amine product is much more soluble than ammonium
acetate and reacts faster with the ketone to generate
dialkylamines, so this reaction can be used for the
preparation of symmetrical dialkylamines. The amina-
tion reaction is relatively slow and some ketone reduction
may occur if AcOH is added. Even the use of a large
excess (10 equiv) of ammonium acetate in THF, DCE, or
CH3CN, in the presence of EtzN, did not favor the
formation of the monoalkylamine, the only product
formed was dicycloheptylamine (Table 1: entries 22
and 23).

N-Substituted a-amino esters were prepared by the
reductive amination of a-keto esters with primary and

{23} This result is consistent with literature reports on the reduction
of 4-substituted cyclohexanone imines or iminium salts which con-
cluded that bulky hydride reagents such as L-Selectride attack
preferentially from the less hindered equatorial side to give the cis-
products, while less bulky hydride reagents such as NaBH, and Nal3Hs-
CN slightly favor the axial approach, see: (a) Wrobel. .J. E.; Ganem,
B. Tetrahedron Lett. 1981, 22, 3447. (b) Hutchins, R. O.; Markowitz,
M. J. Org. Chem. 1981, 46, 3571. () Huichins, R. O Su, W.-Y.
Sivakumar, R.; Cistone, F.; Stercho, Y. P. J. Org. Chem. 1983, 48,3412,
(d) Hutchins, R. O.; Adams, J.; Rutledge, M. C. J. Org. Chem. 1995,
£0. 7396,

(24) Chemical shift assignments of individual protons were arrived
at by COSY, HETCOR, and Inverse HMBC NMR experiments, The
sterenchemistry of A-phenyl-3-aminotropane and N-benzyl-3-aminotra-
panc was assigned based on 1D NOE and coupling experiments. The
assignments were in line with other literature reports; ¢f Bagley. J.
R. Riley, T. N. J. Hetrocycl. Chenr. 1977, {4, 598 and references
therein,

—
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Table 1. Reductive Amination of Ketones
Entty KETONE AMINE Method® Time PRODUCT YIELIX(%)
Eﬂ.s;b Sal(®
1 Cyclobotanone (2mol)  Benzylamine (1 mol) I 2h NN-Dicyclobutylbenzylamine 98 90 (HC1)
2, Cyclobutanone (1 mol) . Benzylamine (1 mof) ] 2h N N-Dicyclobutylbenzylamine +
N-Cyclobutylbenzylamine (1 : 1) 88 -
3. Cyclobutanone 1-Phenylpiperazine i) 2h 1-Cyclobutyl-4-pheny!piperazine 96 86 (ox)
4. Cyclopentanone Hexamethyb 1 24 h N-Cyclopemylh hyl % 86 (ox)
- 5. Cyclohexanone Morpholine 1 2h N-Cyclohexylmorpholine 96 86 (HC1)
76 (pic)
6. Cyclohcptanone 1-Propylamine v 23h N- (1-propyl)aminocyclohepuane 9% 69 (HCI)
1 Cycloheplanone 1-Propylamine 1 3h N- {1-propyl)aminocycloheptane - 88 (HCY)
8. Cyclooctanone m-Mcthoxybenzylamine T 36h N-Cyclooctyl-m-methoxybenzylamine 95 87 (HCL)
OC,Hs OC;H;
9. Cyclododecanone H;NCH, — M4h ¢-CyzHay - NH= CH2 < 88 77 (ox)
OCyHs OCaHs
10. B Tevalone Cyclohexylamine v Hh N-Cyclohenyl-1,2.3,4-etrahydro- - 85 (HCI)
2-aminonaphthalene
1. B-Tewalone Morpholine m 1201 2-(Morpholin-4-yl)-12,3,4- 58 54 (HCI)
tetrahydronaphthalene
12. B- Tetralone Anilinc 1 24h N-Phenyl-1,2,3.4-tetrahydro- - 87 (HCI)
2-aminonaphthalene
1. (jo-o HN-Ph I 6h 03— NIL-Ph - 85 (HC)
Q (o]
w [ )C>=- o Benzylamine I 20m [00— NHCHa-Ph 08 92(0x)
(o]
Ie) 0,
5. [ )O— 0 Cyclobutylamine [ 25m { 0)C>— M- 9% 82(HC)
[0
Q Q
16. )<:>-o Piperidine ; 75m )<:>- N o) 85  66(HCY
C 5 P C o
¢] O —
o 1-Phenylpiperazine 1 an )O—N N-Ph 78 -
m OO yipiperaz C e -
0OC;Hs
o) OC,Hs Q
i [ )O-o HyNCH; —( I 4h EOO‘NH' cH—~ 99 (ox)
0 OC,Hs OCyHs
19. 4--Butylcyclohexanone  Pyrrolidine 1 10m |-BuMN\j c=T1: 2 9 -
20, 4-r-Butylcyclohexanone  Cycloheaylamine 1 30m vBuLT ‘}"m 9
afe=19:21 H
OH OH
21, Isopropylamine 1 24 h )_ 91
- N =
o R W B oam=25:75
22.  Cycloheptanone NH40Ac (10 eq.) naivd 48 h Dicycloheptylamine - 80 (HC))
23.  Cycloheptanone NH40Ac (10 eq.) vd 30h Dicycloheptytamine - 70 (HC1)
24, Norcamphor Benzylamine v 6h endo-N-Benzyl-2-aminonorbornane 95 82 (pic)
25. Norcamphor Aniline m 48 h N-Phenyl-2-amincnorbormane 80 75 (HCl)
26, Norcamphor Aniline I 24h N-Phenyl-2-aminonorbornanc - 76 (HCH)
27.  Noramphor Dicthylamine 1 9%h N.N-Diethyl-2-aminonorbomane - 79(HQD
CH3+ N CH3~ N
28 H3N-CH,-Ph 1 18h 99 80 {ox)
H
o] NHCHzPh
29. " Aniline 1 72h endo-3-(N-Pheaylamino)tropanc 96 65 (ox)
30. Piperidine 1 4d about 1:1 mixture of endo + exo products  60¢ -

ks
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Entry KETONE AMINE Method® Time PRODUCT YIELD(%)
BaseP  SallC.
31 2- Heptanone Cyclohexylamine v 24h N-Cyclohexyl-2-aminoheptanc 9 84 (ox)
32. 2- Heptanone Aniline v 9% h N-Phenyl-2-aminohcptanc 90 89 (ox)
33. 2. Heptanone Mospholine m 27h N-(2-Hepty!) morpholine - 73 (HCI)
4. 2- Hepuanone Piperidine v 43 h N-(2-Heptylpiperidine 67 35 (HCl)}
3s. 2- Heptanone Piperidine I 48 h N-(2-Heptyl)piperidine - 65 (HCl)
36, 2- Heptanone Diethylamine m 192 h N .N-Diethyl-2-aminchepiane - 44 (HCl)
7. Acetylcyclohexane Benzylamine ] 24 h N-{1-{Cyclohexyljethyljbenzylaming 91 71 (HCH
38. 1-Phenyl-2-propanone Aniline Ii 36 h N+(3-Phenyi-2-propyl)aniline - 8O (HCY)
39. 4-Heptanone Propargylamine u 12h N-(4-Heptyl)propargylamine %9 84 (HCl)
40. Acetophenone Benzylamine I 10d N-Benzyl-1-phenylethylamine 55¢ -
41. Acelophenone Cyclohexylamine Lm 1d N-Cyclohaxyl-1-phenylethylaming 15¢ -
42, Acetophenone Benzylamine 1 1h N-Benzykcyclohexylamine 98 97 (HC1}
Cyctohoxanone Acclophenone (92 %) -
43, 1-Acetylcyclohexene Morpholine 1 4d N-[1-(-Cyclohexenylethyl jmorpholine 10° -
44, 1-Acetylcyclohexane Benzylamine I 4h N-{1-{Cyclohexylethy!|benzylamine - 85 (HCh)
1-Acetyleyclohexens 1-Acetylcyclohexene
4s, Cycloheptanone Diisopropylamine v 4d no reaction - -
48, Camphor Benzylamine 1 44 no reaction - -
0]
g A CoMe HyN-CHy-Ph u 05h o qa"\ COMe % 61 (HCY
H
o]
48. HaN-CHy-Ph VI 42h PhN - 80 (HCY)
COMe i CO;Me
O Ph
RN COMe HyN-CHy-Ph v 5h Ph/\]'H’J\ COMe - SB(HCD
H
i P
0. /H\/ HyN-CH;-CO4E1 1 4h N COyEt - 88 (HCD
H
(o]
s d o HyN-NH-Ph 1 4n [ o)<:>— NH-NH-Ph 98 7 {ox}
52. Cyclohexanone HyN-NH-Ph I 1h N2.Cyclohexyl-Nl-phenylhydrazine  96f -
53, 2-Heptanone HaN-NH-Ph I Bh N2-2-Heptyl-N!-phenylhydrazine o8 37(ox)
54, Cyclooctanone H;N-OH 1 72h Oxime formation, no reduction. - -
85, 4.Hepianone H;N-CH;-CHyNH-Ph - I 0h > N~~~ NHPh % 79 (HCY)
1
H only product
56. Acctylcyclohe: HyN-(CHy), =N 2 O—EH;N CH: N 98 83 (ox)
X ylcyclohexanc 3N - N-H 11 12h - HN- - N-H ax
\ G (CHz

+ diaddition product %4 :6

2} Methods: §: DCE, AcOH (1-2 eq.), NaBH(OAc)3 (1.3-1.6 eq.); Il: DCE, NaBH(OAc)s (1.3-.6 eq.): I1: THF, AcOH (1-2 eq.), NaBH(OAc)3 (1.3-1.6eq.);
1V: THF, NaBH(OAck (1.3-1.6 6q.); ¥: CH3CN, NaBH(OAc)3 (1.3 - 1.6 ¢q.): VI : DCE. amine (1 eq.), AcOH (2-4 eq.), NaBH(DAc)3 (25 eq.),

ketone (2-5¢q.)
b} Salts: pic = picrate, ox = oxalatc
d} Reaction was carried out in presence of 1.5-2 cquiv of Ei3N.

¢) Yields were determined by GC and products were only chamcterized by GC/MS.

©) Yield of crude product determined to be > %% pure by GC.

f) crude product contained about 15-31% byproduct(s), determined by area% GC analysis.

secondary amines. The reductive amination of methyl
pyruvate with benzylamine was a fast and efficient
reaction under the standard conditions that gave N-
benzylalanine methyl ester in an excellent yield (Table
1: entry 47). The reaction was slower with hindered keto
csters such as merhyl 3-methyl-2-oxobutanoate (Table

1: entry 48), and the competing ketone reduction was a
major reaction. The aromatic keto ester, methyl benzoyl
formate reacted even slower with benzylamine and was
also accompanied by considerable ketone reduction {Table
1: entry 49). Reactions involving other less reactive
amines such as aniline or morpholine were much slower
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and gave increasing amounts of ketone reductions.
Whenever ketone reduction was a problem, the conditions
were modified to use the amines as limiting reagents.
The excess ketones were completely reduced to the
corresponding alcohols which required the occasional
addition of excess reducing agent. N-Substituted o-ami-
no esters were also prepared by the reductive amination
of e-amino esters with ketones, e.g., N(2-butyl)glycine
ethyl ester was prepared in very good yield from ethyl
glycinate and 2-butanone (Table 1: entry 50).

The reductive amination of cyclohexanedione mono-
ethylene ketal with phenylhydrazine gave cleanly the
N-substituted phenylhydrazine (Table 1: entry 51) in
nearly quantitative yield. Other ketones such as cyclo-
hexanone and 2-heptanone reacted to give similar prod-
ucts (Table 1: entries 52 and 53); however, there were
some competing side reactions. The crude products
showed the formation of byproducts, about 15% with
cyclohexanone and 31% with 2-heptanone. Attempted
reductive amination of cyclooctanone with hydroxylamine
was not successful and resulted in the oxime formation
(Table I: entry 54).

Reductive aminations in which diamines containing
both primary and secondary amino groups were studied
and in general, primary amines reacted faster. In the
case where the primary amino group was aliphatic and
the sccondary group was aromatic, e.g., N-phenylethyl-
enediamine, there was a clear difference in reactivity
between the two amines, The reaction with 4-heptanone
gave a quantitative yield of the product resulting from
exclusive reaction with the primary amine (Table 1:
entry 55). In the case where both amino groups were
aliphatic, such as 1-(2-aminoethyl)piperazine, there was
a high selectivity (94:6) for the primary group in reaction
with acetylcyclohexane (Table 1: entry 56).

(b) Reductive Amination of Aldehydes. Unlike
ketones, aldehydes can be reduced with sodium triac-
etoxybarohydride.!® Thus, the possibility exists that the
reduction of the aldehyde would compete with the reduc-
tive amination process under the standard conditions.
However, these conditicns were so selective that the
reductive aminations with aldehydes accurred very ef-
fectively and resulted in fast reactions with no aldehyde
reductions in most cases studied (Table 2). One case in
which aldehyde reduction was detected involved a reac-
tion with the very sterically hindered diisopropylamine
(Table 2: entry 6). All other examples in Table 2 resulted
in fast and efficient reductive aminations with a variety
of aliphatic primary and secondary amines as well as
aniline with no detectable aldehyde reductions. Both
aliphatic and aromatic aldchydes were very reactive and
gave reductive amination products with a broad variety
of primary and secondary amines. The reaction times
ranged from 20 min to 24 h. The mildness of the reac-
tion conditions is well illustrated in the reductive ami-
nation of 1,1’.2-tris-nor-squalene aldehyde with dieth-
ylamine and diisopropylamine (Table 2: entries 19 and
20). The aldehyde was cleanly converted to the corre-
sponding amines in high yields with no detectable side
reactions.

In the reductive amination of aldehydés with primary
amines, formation of dialkylated amines is a common side
reaction.® This side reaction was rarely a problem in
most reactions reported in Table 2. In the few cases
when it was detected, it was suppressed by the addition
of up to 5% molar excess of the primary amine. However,
the dialkylation of amines remained a problem with

Abdel-Magid et al.

certain substrates.? An alternative stepwise procedure
for such systems is discussed later in this paper.

Some aldehydes, such as formaldehyde and glutaral-
dehyde are only available commercially as aqueous
solutions which may restrict their use under the above
reaction conditions because of the decomposition of the
hydride reagent with water. However, the reaction may
be carried cut in DCE with excess hydride reagent, e.g.,
the reductive amination of either agqueous glutaraldehyde
or formaldehyde with 1-phenylpiperazine and about 4
hydride equivalents was carried out on 10 mmol scale
(Table 2: entries 21 and 22) and gave nearly quantitative
yields of the corresponding amines. This, however, may
not be suitable for large scale reactions.

The use of phenylhydrazine in reductive amination of
benzaldehyde was not successful, resulting only in hy-
drazone formation.

Generally, with either ketones or aldehydes, reactions
in DCE were noticeably faster than those carried out in
THF (e.g., Table 1: entries 6 vs 7: 25 vs 26 and Table 2:
entries 3 vs 4; 9 vs 10). Also, in the same solvent,
reactions were consistently faster in the presence of 1
(or more) mol equiv of acetic acid. For most ketones,
reactions were improved in the presence of acetic acid.
However, the addition of acetic acid is not always
advantageous to the reaction. Most reactions with al-
dehydes are fast and do not require addition of AcOH.
Addition of AcOH to a slow reaction. e.g.. cyclohexan-
ecarboxaldehyde with diisopropylamine, resulted in a fast
reaction accompanied with about 25% aldehyde reduc-
tion, and the yield of the isolated desired product was
only 41%. When the reaction was carried out in the
absence of AcOH, the reaction was slower; however, the
aldehyde reduction was only about 5%, and the isolated
yield of the purified reductive amination product in-
creased to 75% (Table 2: entries 6 and 7). Direct com-
parisons were made between reactions in DCE and THF
and with or without added acetic acid in representative
reactions. The rate of product formation was determined
quantitatively®® in each case. The results of these com-
parisons were in agreement with the above observations.

(c) Reductive Amination with Weakly Basic and
Nonbasic Amines. Few literature references have dealt
with aromatic amines containing electron withdrawing
substituents in reductive amination reactions.!3?* Cata-
lytic hydrogenation conditions do not allow the presence
of many of the easily reduced electron-withdrawing
substituents such as cyano and nitro groups, since these
substituents are often reduced under catalytic hydroge-
nation conditions.®” On the other hand, we and others!®®
have found the most used hydride reagent, sodium
cyanoborohydride [NaBH3CN], to be sluggish and inef-
ficient when used with these weak bases in reductive
amination reactions.

As a consequence of substitution by electron-withdraw-
ing substituents, these amines are both poor nucleophiles
and weak bases (e.g.. pKa, 3.98 for 4-chloroaniline, 1.02
for 4-nitroaniline, —0.29 for 2-nitroaniline, —4.26 for 2,4-
dinitroaniline) 2’ This slows the initial nucleophilic at-

(25) For a discussion of the dialkylation side reactions invalving y-
and é-amino esters with aldehydes and a mechanistic explanation,
see: Abdel-Magid, A. F.; Harris, B. D.; Maryanoff, C. A. Svniett 1994,
B1.

(26) The progress of these reactions was followed by GC. Linear
standard curves of the response factors by GC areas of starting
materials and expected products were determined to allow the
quantitative measurements of their concentrations in the reaction
mixtures.

(14
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Table 2. Reductive Amination of Aldehydes

Entry ALDEHYDE AMINE Method* Time PRODUCT YIELD (%)
' ' Basel  Salf
. [T cHo Benzylamine n 1h L7 CHy- NH-CHy Ph 98 80 (HCY
2. " Aniline )i 24h N-(Cyclohexylmethyl)aniline 95 85 (HCD
3. "o Morpheline v 2h N-(Cyclohexylmethyl)morpholine “ 63 (HChH
4, " Morpholine ] 1h N- (Cyclohexylmethyl)morpholine 86 80 (BCI)
5. " Eiy NH o 30 min N-(Cyclohexyimethyl}diethylamine 95 84 (HCI)
6. " -Pry NH 1 3n e-CgH) (-CH2-N(iPr) 68 41 (HCY)
7. " (i-Pr); NH 1 &h ¢-CgHy3-CH2-NGiPr) 88 75 (HCl)
N-Ph N-Ph
8. anal H-N - ] 1h =N - 9 85
Hex, Cetiy 5 {ox)
9. n-Anisaldehyde Aniline " 24 h m-CH30-CgHs-CHy-NH-Ph 88 88 (HC)
10, m-Anisaldehyde Aniline 1 20 min m-CHy0-CgHa-CHy-NH-Ph - 95 (HC})
1L m-Anisaldehyde Morpholine v 6h 4-(3-Methoxybenzyl)morpholine 88 74 (HCD)
12. Benzaldehyde tert-Bu NHy 1 3h N.{teri-Butyl) Benzylamine 95 92 (HCh)
13. Benrakichyde endo-2-Ammonorbomane 119 05h endo-N-Benzyl-2-aminonorbomane 97 85 (HCI)
14, Benzaldehyde exo-2-Aminonotbomane | 3h exp-N-Benzyl-2-aminonorbomane 92 B4 (HCH
15, Benzaldehyde 1-Adamantanamine I 24 h N-Benzyl- 1-adamantanasmine - 66 (HCY)
16. QCHO H- N‘ ) m 1.5h Q—CH;-N ) 91 {ox)
L] 1)
CHJ CH;
7. ND— CRO Q 1 1L5h NQ— CH*N ) 95 -
COQEL
}.{ E100C
18, CHO (\,L I 15h CH-N ) % -
N” “COOEt
O;N I ON EI00C
9. | ELNH, ] 15h \ -
Et. '."
o H El

I5h 9 -

Ve

p DS ¢

CHO N\ \ m
21 <: H-N - Ph it 1h Ph-N N (CHp)s-N ~Ph o8 85 {ox
N\~ CHO s N—/ - tox)
25% in H;0O
22 HCHO H-N N-Ph I 1h CH3=N N—Ph 98 82 (o)
30% in Hz0
23. Berzaldehyde Phenyl hydrazine 1 96 h Hydrazone formation, No reduction - -

) Methods: I: DCE, AcOH {1-2 eq.), NaBH(OAc)3 (1.3-1.6 eq.); Il: DCE, NaBH(DAc)3 (1.3-1.6 cq.); HI: THF, AcOH (1-2 cq.}, NaBH(OAc)3 (1.3-16 eq.);

1V: THF, NaBH{OAc)3 (1.3-1.6 eq.).
b) Yicld of crude product determined to be > 96% pure by GC, ¢} ox = oxalale.
d) Reaction was carvied out in presence of 1.5-2 equiv of Et3N,
significant carbonyl reduction, consumption of both the
carbonyl compound and the reducing agent and low yields
group now competes effectively with the less basic of the reductive amination products. The reducing agent
intermediate imine for protonation and subsequently for and reaction conditions should be chosen carefully to
the hydride in the reduction step.?® This may lead to a minimize such side reactions.

tack on the carbonyl carbon and leads to slower overall
reaction rates (Scheme 2). In addition, the carbonyl
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Scheme 2
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Sodium triacetoxyborohydride is very efficient in re-
ductive amination reactions with such unreactive amines.
The results from several reactions are listed in Table 3.
In several cases such as monosubstituted anilines {c.g.,
pnitro-p-carbethexy-, and p-cyanoanilines), the standard
reaction conditions described previously (about 1:1 ratio
of carbonyl compound te amine, 1.4 equiv of NaBH(OAd)3
with 1 equiv of acetic acid) were adequate. However,
with less basic amines such as o-nitroaniline, 2,4-dichlo-
roatiilinie, or Z2-aminothiazole, the reaction conditions
were modified to compensate for the aforementioned
effects and to maximize the yields of the reductive
amination products. The optimum conditions included
the use of the amine as the limiting reagent with 1.5-2
mol equiv of the carbonyl compound, 2—3 equiv of NaBH-
(OAg)s. and 2—5 equiv of AcOH in 1,2-dichleroethane.
Under these conditions, a variety of weakly basic amines
were successfully employed in the reductive aminations
of ketones and aldehydes in isolated yields ranging from
60% to 96%. The reaction is convenient and the condi-
tions are mild and show a high degree of tolerance for a
variety of functional groups including nitro, cyano, halo,
carboxy, and carbethoxy groups.

Ketones reacted effectively with p-monosubstituted
anilines to give good yields of the reductive amination
products (Table 3: entries 1-8). The reaction was
slightly slower with 2,4-dichloroaniline and gave a high
yield of the desired reductive amination product in
addition to some ketone reduction and the formation of
about 3% of M-ethyl-2 4-dichloroaniline (Table 3: entry
9). The reaction became very slow with ¢-nitroaniline
which progressed only to about 30% conversion to the
reductive amination product and 17% of N-ethyl-2-
nitreaniline after 6 days (Table 3: entry 10). The
reaction stopped completely when bath ortho positions
were substituted as in 2,6-dibromo- and 2 4,6-trichloro-
anilines (Table 3: entries 11 and 12).

The reactions with aldehydes were faster than those
with ketones and gave higher yields from similar reac-
tions. Aldehyde reductions occurred only with the least
reactive amines. In the reductive amination of aldehydes
with p-carboxyaniline and p-nitroaniling (Table 3: ¢n-
tries 13, 14, and 18}, no competing aldehyde reduction
was observed. In these cases, the standard conditions
were used. With weaker amines such as 2,4-dichloro-
aniline and o¢-nitroaniline {Table 3: entries 15 and 16},
the conditions were modified to use the amine as a
limiting reagent since aldehyde reduction occurred to
the extent of 10—30%. This procedure was applied to
other weakly basic primary amines such as Z-aminothia-
zole (Table 3: entries 22 and 23) and sccondary amines
such as iminostilbene (Table 3. entry 24). While imi-

(27) (a) Albory, A Serjeant, L 1 In The Deterninat fon of lonization
Constams, Chapman and Hall: London, 1971 p 91, (b} Yaies, K; Wai,
1Y 7 Am. Chem, Soc. 1964, 86, 5408,
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nostilbene reacted with hexanal to give a high yield of
the NVhexy! product, the dihydro analogue iminodiben-
zyl gave no reaction under the same conditions (Table 3:
entry 25).

One of the most unique reactions, however, was the
reductive alkylation of p-toluenesulfonamide with ben-
zaldehyde to give the Ntbenzyl derivative (Table 3: entry
26). The reaction is carried out initially under the
standard conditions in the presence of EtsN {2 equiv).
The aldehyde is usually consumed in about 24 h to givc
a mixture of N-benzyl p-toluenesulfonamide and A
benzal p-toluenesulfonamide. The reaction mixture is
then treated with AcOH (2.5 equiv) and additional
NaBH(OAc); (1 equiv) to finish the reduction. The
reaction, however, was not successful with ketones or
carboxamides.

The least reactive amines, 2,4-dinitroaniline and 2,4,6-
trichloroaniline failed to undergo reductive amination
with benzaldehyde (Table 3: entries 20 and 21}. Cyclo-
hexanecarboxaldehyde, on the other hand, reacted slowly
with these two amines to give the corresponding reduc-
tive amination products. In these two reactions, the
aldehyde reduction became a major reaction process. To
assure the presence of enough aldehyde to react with the
amine, the reaction required occasional additions of
aldehyde and reducing agent, up to 5 equiv each and over
a two to four day period {Scheme 3). The reactions
progressed to reach 90—92% conversion (as determined
by GC) and gave 61% and 58% isolated yields. respec-
tively, after chrematography. It is possible that these
reactions proceed via initial formation of intermediate
enamines rather than imines which may explain the lack
of reactivity of aromatic aldehydes which cannot form
enamines.

(d) Comparison with Other Reducing Agents. In
general, the results of reductive amination cmploying
sodium triacetoxyborohydride were as good as or better
than most comparable reported results whether done
using hydrogenation or hydride reagents. However, in
many cases, our results were far superior fo others. For
example, we compared the reductive amination of cyclo-
hexanone with morpholine using NaBH3CN vs NaBH-
(OAc)s. The reaction with NaBH3;CN (6 hydride equiv)
in methanol and in the absence of AcOH was only 34%
complete after 23 h with the formation of about 10% of
the corresponding enamine. The conversion improved to
50% in 23 h with AcOH (1 equiv} with no enamine
formation. The reaction using the standard NaBH(OAc)s
conditions was 99.8% complete in 3 h without a trace of
enamine formation (Table 1: entry 5). In another
comparison, the reductive amination of 1-carbethoxy-4-
piperidinene with p-chloroaniline was only 45% complete
with NaBH;CN after 22 h but was >96% with NaBF-
(OA0)3 in 2.5 h (Table 3: entry 4).

An impressive result was obtained in the reductive
amination of 1,1’.2-tris-nor-squalene aldehyde with di-
cthylamine and isopropylamine. These reactions were
reported to give about 5% yield under regular Borch
conditions.® The yields were improved to 46 and 42%,
respectively, when the reactions were carried out with
NaBH,3CN in anhydrous THF in the presence of HCI (pH
3).2% Under our standard conditions, these reactions gave

(28) Duriatti, A.. Bouvier-Nave, P.; Benveniste, I Schuber, .
Delprino, L.; Balliano, G.; Catiel, L. Biochenm. Pharmacol. 1985, 34,
2765.

(29) Ceruti, M.; Balliano, G.; Viola, F; Cattel; L.; Gerst, N Schuber,
IF. Fur. J. Med. Chem. 1987, 22, 199.
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Table 3. Reductive Amination with Weakly Basic Amines

Entry CARBONYL AMINE Method® Time PRODUCT YIELDY(%)
COMPQUND
1 Cyclopentanone p-Bromoaniline 1 43 h N-(Cyclopentyl)-p-bromoaniline 89 (HCD
2, Cyclohexanone p-Nitroanitine Vi 23h N-(Cyclohexyl)-p-nitroanifine 66
3, Cyclohexanone p-Chloroaniline 1 33h N-(Cyclohexyl)-p-chlornaniline 90 (HCT)
s BOCN =0 al -@ NH, 1 35h EO,C-N_)-NH —@— cl 85
5 Et0,¢ N:>= o ON —@- NH; vi 18h E10,C- ND- NH —@- NO,
6. Cycloheptanone p-Carboxyaniline V1 22h p-Carboxy-N-cycloheptylaniline T
T Cycloheptanone p-Cyanoaniline VI 24h p-Cyano-N-cyciohepiylaniline n
8. 2-Heptanone p-Carbethoxyaniling 1 14 h p-Carbethoxy-N-(2-heptyDaniling 66
9. Cyclohcxanonc 24-Dichloraniline Vi 37h N-Cyclohexyl-2 4-dichloroaniline 95
10. Cyclohexanone o-Nitroaniling V1 144 h N-Cyclohexyl-2-nitrcaniline 30
1. 4-Heptanone 2.6-Dibromoaniline Vi 24h No Reaction
12 Cycloheptanons 2,4,6-Trichloroaniline vI 24h No Reaction
13, c-CeH11-CHO p-Nitroaniline ] 15h p-Nitro-N-(cyclohexylmethyljaniline 95
14, ¢CgH11-CHO p-Carboxyaniline | 05h p-Carboxy-N-(cyclohexyimethylaniline 85
15. ¢-CgH11-CHO 2.4-Dichloroaniline Vi 06h 2,4-Dichloro-N-cyclohcxylmethylaniline 9%
16. ¢-CgH11-CHO o-Nitroaniline Vi 15h o-Nivo-N<cyclohexylmethylaniline 95
Cl Ct
17. @- CH,CH;CHO cn—@- NH, VI L5h a —@- NH- (CHz)J‘@ 70! (HCI)
18 Benzaldehyde p-Nitroaniline I 1.5h p-Nitro-N-benzylaniline 85
CF3 CF;3
20. Benzaldchyde 2.4-Dinitroaniline Vi 24h No Reaction
21. Benzaldchyde 2,4.6-Trichloroaniline vi 24h No Reaction
S S,
2 @-cm E - NH, Vi 7 [ ,)-NH—CHZ-Q 60
N N .
S S, .
23, O—CHO E - NI, Vi i6h [ ,)—NH-CH;—O 85
N N
N CsHy-CHO O @ VI 10h 0 O 8
N N
H CeHiz
25.  CgH)-CHO VI 24h No Reaction
N
H
0 0
2%. Benzaldehyde HyN-~ §—®— Ciy vie 48h PhCllz- }m—g—@- CHj 80
8] 0
27. Benzaldehyde Benzamide i 24 h No reaction

8) Methods: k: DCE, AcOH (1 eq.), NaBH(OAc)3 (1.4 eq.); VI : DCE, amine (1 £q.), AcOH (2 - 5 eq.), NaBH(OAc)3 (2 - 2.3 €q.), carbonyl compound (1.5 - 2¢q.)
b} Yield of isolated product, > 96% by GC area % analysis. Except for the cases indicated, 2ll isolated as iree bases.
¢) Yield was determined by GC and the product was only characterized by GC/MS.

d) Crude product contained about 5% diatkylated amine.
¢) Reaction was carried out in presence of 2 equiv of E1N.

98 and 90% yield of products in high purity without
chromatography (Table 2: entries 19 and 20).

The reductive amination of either 2-indanone, 3-te-
tralone, or phenylacetone with aniline was reported to
work when aniline was used as solvent under catalytic
hydrogenation conditions and gave 72%, 54%, and 21%
yield of products, respectively.3® We obtained 85%, 87%,
and 80% yield of these products using stoichiometric

amounts of reagents under the standard conditions
(Table 1: entries 12, 13, and 38).

Borane—pyridine is another reducing agent used for
reductive amination reactions.'?* Its use in the reductive
amination of either pyridine-4-carboxaldehyde or rr
nitrobenzaldehyde with ethyl piperidine-Z-carboxylate

(30) Carupbell, J. B.; Lavagnine, L. P. In Catalysis in Organic
Syntheses; Jones, W, ., 13d.; Academic Press: New York, 1980: p 43.
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Scheme 3
ci NaBH{OAC); £
3 equiv
ct NHz + R-CHO —20M__ ¢ N-CH,-R
DCE, AcOH H
cl 2d Cl
(3 equiv) 58%
NO2 NaBH(OAG)3 NO,
(5 equiv)
OZNONHE + R-CHO ——— = OZNO—N-CHz_R
DCE, AcOH
{4-5 equiv) 4d ] 61%
R = cyclohexyl

gave 12% and 13% yield of isolated reductive amination
products, respectively, and considerable aldehyde
reduction.'® Under cur standard conditions, we did not
observe any aldehyde reduction, and the isclated yields
were nearly quantitative {(Table 2: entries 17 and 18).

(e} Stepwise (Indirect) Reductive Amination of
Aldehydes. Occasionally, some reactions of aldehydes
and primary amines gave considerable amounts of di-
alkylation or other side products. As we mentioned
previously, the addition of a slight excess of the primary
amine may suppress this side reaction. However, the
dialkylation of certain primary amines such as y- or
d-amine esters and cyclobutylamine, remained a problem.
This also occurred when certain aldehydes were used,
such as cinnamaldehyde, hydrocinnamaldehyde, and
some straight chain aldehydes. Those particular cases
gave mixtures of monoalkylated and dialkylated amines
in ratios ranging from 5:1 and up to 1:1 under the
standard reaction conditions. Surprising]y, in some
reactions, the dialkylation side reaction happened even
when excess amine was used or when the reaction was
carried out with a “preformed imine” and no excess
aldehyde present. A discussion and a possible explana-
tion of some of these results in case of y- and 4-amino
esters was reported.?® We developed an alternative
procedure for such reactions which involves the fast
reduction of preformed imines. Imine formation, how-
ever, is a reversible reaction and requires long reaction
times and the use of a dehydrating agent such as
molecular sieves or azeotropic removal of water to drive
the reaction to completion. We studied the relative rates
of imine formation from aldehydes and primary amines
in different solvents, namely THF, DCE, and methanol
without added catalysts or dehydrating agents. A com-
parison of the relative rates of imine formation in the
three solvents is listed in Table 4. The relative ratic of
product imine to reactant aldehyde was determined by
GC analysis of the reaction mixture and confirmed in
some cases by 'H NMR in CD30D, THF-d, or CDCls. In
all the cases listed in Table 4, reactions in methanol were
consistently faster and gave nearly quantitative conver-
sions relative to those carried out in THE or DCE. The

imine formation was slower for ketones in all three’

solvents; however, the reaction was still faster in metha-
nol {Table 4: entry 7).

The reduction of the aldimines was carried out directly
in methanel with sodium borohydride to give the corre-
sponding secondary amines in very high yields and very
short reaction times. Thus, this stepwise (or indirect)
one-pot procedure involving imine formation in methanol
followed by in situ reduction with sodium borohydride is

Abdel-Magid et al.

a very convenient and efficient alternative for carrying
out reductive aminations on substrates which tend to give
significant amounts of dialkylated products using the
direct procedure. '

A similar transformation along the lines of prior
formation of the imine is prior formation and then
reduction of the enamine. We have found that sodium
triacetoxyborohydride reduces enamines quickly and
efficiently in DCE to give products in high yields (Table
5: entries 6 and 7), making it a useful reagent for this
stepwise procedure.

Another very efficient stepwise reductive amination
procedure was developed by Mattson et al'*® In this
procedure, the amine and the carbonyl compound are
mixed in neat titanium(I'V) isopropoxide and the result-
ing intermediate is reduced with NaBH3CN in ethanol.
The authors reported the formation of a carbinel amine
intermediate (see Table 5. entries §— 10} rather than the
usual iminium ion. The methed is applicable to primary
and secondary amines. We modified this procedure to
reduce the intermediate with NaBH, in methanol (in-
stead of NaBH3;CN/ethanol).3! This medified reduction
is very fast and gives the desired amine in very good yield
and high purity, c¢.g.. the reductive amination of the
unsaturated ketone l-acetylcyclohexene with benzyl-
lamine, which was very slow under our standard condi-
tions, proceeded very fast under these medified conditions
to give a quantitative yield of the reductive amination
product (Table 5: entry 8). Of particular interest, the
reductive amination of trepinone with benzylamine using
this procedure which gave a near quantitative yield of a
3:2 mixture of the endo- and exo products (Table 5: entry
10). As reported earlier, this reaction gave approximately
20:1 ratio of the endo and exo products using NaBH(OAc)s
(Table 1: entry 28). Attempts to achieve a reaction
between tropinone and aniline using this modified system
resulted in incomplete reactions. In regards to secondary
amines, Mattson er al.'% reported a successful reductive
amination of tropinone with piperidine in 58% yield:
however, the stereochemistry of the product was not
disclosed. Our modified conditions gave the product in
a 90% crude yield as a mixture of the endo- and exo-
products in about 1:7 ratio. The pure oxalate salt of the
exo product was isolated in 66% yield (Table 5. entry 9).
The cxo-stercoselectivity of this reaction is opposite to
that obtained from the primary amines. We are examin-
ing these systems to better understand their mechanistic
pathway.

Summary and Conclusions

The results presented here indicate that sodium tri-
acetoxyborohydride is a synthetically useful reagent for
reductive aminations of aldehydes and ketones. It is a
mild, commercially available reagent, and it is a reagent
of choice for reductive amination of carbonyl compounds.
The scope of the reaction covers all aldehydes and
unhindered aliphatic ketones. Aliphatic ketones (and
aldehydes) can be selectively reductively aminated in the

‘(31) (a) We reported the use of this modification of Matison's
procedure (Ti(QiPr};—NaRH/MeOH, rt) at the 198th ACS National
Meeting, Miami Reach, FL, September 1989; paper ORGN 154 and at
The International Chemical Congress of Pacific Basin Secieties,
Honolulu, HI, December 1989; paper ORGN 409, Abdel-Magid, AL F.;
Maryanoff, C. A.; Sorgi, K. 1..; Carson, K. . A similar medification
|Ti(QiPr),—NaBi, in digtyme aL 60 °C or in ethanol at 25 *C)| was
reported recently: (b) Bhattacharyya, S. Tetrahedron Lei. 1994, 35,
2401, (c) Bhawacharyya, S. Synfers 1994, 1029; (d) Bhanacharyya, S,
Synelr. Cornrnun, 1995, 25, 9.
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Table 4. Imine Formation from Aldehydes and Primary Amines

Yield (%)
Entry Aldehyde Amine Time (h} by GC (solvent) by 'H NMR (solvent)
1 benizaldehyde tert-BulNH; 22 T 84 (DCE) 80 (CDCly)
22 85 (THF) 98 (THF-ck)
4 97 (MeOH) 97 (CDL0D)
2 benzaldehyde aniline 4.2 g1 {NCE) 90 (CNCly)
4.3 74 (THF) 75 (THF-¢k)
1.5 99 (McOI') 97 (CD30D)
3 m-anisaldehyde - aniline 24 92 (DCE)
26 84 (THI?)
24 99 (McOH)
4 mranisaldehyde 2-(3.4-dimethoxyphenyl)ethylamine 2 97 (DCE) 100 (CDCls)
0.24 945 (THF) 100 (THF -}
' 0.25 98 (MeQOH) 100 (C1301)
5 ¢-Cghl 1 CHO aniline 5.4 89 (DCE)
5.3 a0 (I'HE)
2.7 06 (MeOH)
6 ¢-Cell1, CHO tert-BulNH» 4.6 89 (DCE}
5.3 90 (THF)
2.7 94 (MecOH}
7 eycloheptanone benzylamine 23 53 (DCE)
23 75 (THF)
23 85 (MeOH}
Table 5. Stepwise Reductive Amination Reactions
; Yield (%
Enty  SUBSTRATE Time Method*  PRODUCT teld (%)
base  salt
1 ¢-CeHyy = CH= NPh 10 min A ¢-CgHy) = CHy = NHPh 95 90 (HCD
2 m-CH30-CgHy = CH= N-Ph 10 min A m-CH30-CgHy '~ CH; ~NH-Ph - B4 (HCD)
3 ¢-CgHyj = CH= N+-Buy 10 min A c-CgHj; = CHy—NH-t-Bu - 83(HCh
4 p-Cl-C¢Hs - CH= N—O 10 min A p-C1-CgHs - CHz - N"<> 98 89 (HCD)
H
H CH=NCH;Ph H CH2NHCHzPh

5 === 15 min A
Ph H
I\
6 Q—N O 10 min B
v
N\
7 Q— N © 20 min B

C>_7<01i(0ipr),
8 NHCH,Ph 5 min C
HhC
NSNS
9 '\)m(f" 20 min C
Mc., OTi(OiPr)yy

NHCH,Ph .
10 10 min C

OTi(OiPr)

- 85 (HCI)

Ph H
/A
O— N [0} 99 91 (HC1)
—/
/)
O— N 0 9 80 (BC)
AN
H

83 (HC
O—}(NHCHgPh u  BIHCD
c

Hy
Mel
N 90 66 (ox)
Me, H  T:lexolendo
NHCHPh 93 .
H 2:3 exolendo

a) Methods

A: Imine formation followed by NaBH4 reduction in methanol.

B: Reduction of enamine with NaBH(QAc)3 in DCE, 1 equiv of AcOH. )
C: Mixing of carbonyl compound and amine in neat Ti(OiPr)4 for 2 - 3 h, dilution with methanol and reduction with NaBHg.
The nature of the intermediates is uncertain, stroctures in entries 8 - 10 are proposed in reference 14b.

b) ox = oxalate, qu = quantitative

presence of aromatic and a,f-unsaturated ketones. Ali-
phatic and aromatic primary and sterically unhindered
secondary amines can be used in these reactions. The
procedure was superior with weakly basic and nonbasic
amines. Inrepresentative comparisons with other com-
monly used reducing reductive amination rcagents,
sodium triacetoxyborohydride reacted consistently faster.
gave better yields, and produced fewer side products.
Methanol allows a rapid formation of imines from alde-
hydes and primary amines. Aldimines formed in metha-

nol were efficiently reduced to their corresponding amines
using NaBH,.

Experimental Section

Melting points are uncorrected. 'H NMR and *C NMR
spectra were recorded at 400 MHz. The chemical shifts are
expressed as 0 units with Me,Si as the internal standard. IR
spectra were recorded on an FT-IR spectrometer and absorp-
tions are reported in wave numbers (cm™). GC-MS (EI) were
recorded on a GC/MSD instrument using a cross linked methyl

11
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silicone 12 m x 0.2 mm x 0.33 mm capillary column. Mass
spectra were recorded as Cl or FAB. Accurate mass measure-
ments were carried out using a double-focusing instrument of
ER configuration (where E is an clectric sector and B is a
magnet). The reported accurate mass (mass-to-charge ratio)
measurement values {mean £+ 3¢) are for the [MH|Y ions of
the analyies of interest and are the average of nine individual
determinations. The deviation of the experimental determina-
tions from the theoretical values are expressed in parts-per-
million (ppm). GC analyses were carried out on a cross linked
methyl silicone 12 m x 0.2 mm x (.33 um capillary column or
DB-17: 15 m x 0.2 mm x 0.25 gm. Sodium triacctoxyboro-
hydride was purchased from Aldrich Chemical Company, Inc.
Most reagents were commercially available reagent grade
chemicals and used without further purification,

Procedures. 1. Direct Reductive Amination Methods.
General Notes. (a) The amine and the carbonyl compound
are mixed in 1,2-dichloroethane and treated with NaBH(OACc)s.
THF, CHyCl,, or CH3CN may also be used as solvents.

(b} Acetic acid (1—2 mol equiv) may be used in reactions of
ketones but is not necessary with most aldehydes.

() Reactions are normally carried out using the free amines;
however, the amine salt may be used. In this case, 1 -2 equiv
of EizN is added to the reaction mixture. The Ei3N must be
removed from basified product prior to salt formation.

() The progress of the reaction is followed by GC analysis
in most cases. A small aliquot is withdrawn from the reaction
mixture, quenched with agucous NaOll or aqueous NalFICO4
and extracted with ether or any other suitable solvent and
injected into the GC. In case of high MW or heat-sensitive
compounds HPLC or TLC could be used.

(e} The reactions are usually quenched with aqueous 1 N
NaOH. In the presence of esters, or other alkali hydroxide
sensitive functional groups, aqueous NaHCOj is used for
guench. Reactive amines such as benzylamine may dissolve
in aqueous NaHCOs and that may give a false indication of
their consumption.

() Most amines form HCI salts cleanly in ether with ethereal
HCI, and most of these salts are recrystallized from EtOAc¢/
MeOH. Some aromatic FIC] salts may turn dark and a few
aliphatic amine salls may be difficult. to crystallize or may be
hygroscopic; in these cases the oxalate salts are prepared,
usually in MeOH. Picrate salts are prepared in ethanol.

Maethod L. This procedure is used for most ketone reactions:
A representative example is the reductive amination of cyclo-
pentanone with hexamethyleneimine (Table 1: entry 4):
Hexamethyleneimine (1.0 g, 10 mmol) and cyclopentanone
(0.84 g, 10 mmel) were mixed in 1,2-dichloroethane (35 mlL)
and then treated with sodium triacetoxyborohydride (3.0 g,
14 manol} and AcOH (0.6 g, 10 mmol). The mixture was stirred
at rt under a N; atmosphere for 24 h until the reactants were
consumed as determined by GC analysis. The reaction
mixture was quenched by adding 1 N NaOH, and the product
was extracted with ether. The ether extract was washed with
brine and dried (MgSQ.,). The solvent was evaporated te give
the crude free base (L.60 g, 96%). The oxalate salt was
prepared in EtOAc/MeOH as shiny white crystals (2.2 g,
85.5%); mp 171~172 °C; FT-IR (KBr1) 3435 (w), 2934 (s), 2872
(m), 2683 (m), 2648 (m), 25685 (m), 2524 (m), 1720 (m), 1623
(m), 1455 (m), 1404 (m), 1204 (m), 1116 (m), 717 {m}, 499 (m},
466 (m} em™'; U NMR (free base, CIDCls) 6 2.94-2.83 (in. 1H),
2.68—2.65 (m, 4H), 1.87—1.25 (m, 16H); '3C NMR (frec base,
CDClz) ¢ 65.9 (CH), 53.6 (CH,), 30.2 (CHy), 27.9 (CH3), 26.9
{CHa). 24.1 (CH2); EI MS /7 (relative intensity) 167 (M*, 15),
138 (100), 124 (17), 110 (24}, 96 (9). 82 (7). 55 (16). Anal. Calcd
for Ci3l'1;3NOy C, 60.68; 11, 9.01; N, 5.44. Found: C, 60.69;
H, 9.03; N, 5.44,

Method II. The above procedure is followed without. the
addition of glacial acetic acid. The reaction mixture remains
cloudy throughout the reaction. This procedure is more
appropriate with most. aldchydes and unhindered aliphatic
ketones. A representative example is the reductive amination
of 4-pyridinecarboxaldehyde with ethyl Z-piperidinecarhoxylate
(Table 2: entry 17): Ethyl-2-piperidinecarboxylate (1.57 g, 10
mmol) and 4-pyridinecarboxaldehyde (1.07 g. 10 mmol} were
mixed in 1,2-dichlorocthane (35 ml) and then treated with
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sodium triacetoxyborohydride (3.0 g, 14 mmol). The mixture
was stirred at rt under a Np atmosphere for 1.5 h. The GC
analysis showed >90% conversion in 30 min, but the remain-
der of the time was needed for the complete conversion. The
reaction mixture was quenched by adding aqueous saturated
NaHCO;, and the product was extracted with EtOAc. The
EtOAc extract was dried (MgSQy), and the solvent was
evaperated to give the crude free base (2.40 g, 96.7%), >98%
pure by area % GC analysis. A small portion was converted
to the dioxalate salt: an off-white solid, mp 109--111 °C
(EtOAc/MeQH); FT-IR (KBr) 3076 (w), 2968 (w)}, 2870 (w), 2521
(m}, 1738 (s), 1603 (s). 1504 (m), 1460 (w). 1372 (w}. 1204 {s).
999 (w), 714 (m) cm™"; 'I'1 NMR (free base, CDCla) 0 8.52 (d, ./
= 5.2 Hz, 2H), 7.29 (d, J= 5.2 Hz, 2H), 419 {q, /= T7.1 Hz,
2H), 3.80(d, /=144 Hz, 1H}, 343 (d, /= 144 Hz, 1H), 3.20
(m, 1H), 2.90 (m, 1H), 2.20 (m, 1H}, 1.85 (m, 2H}, 1.55 (mn,
3H), 1.45 (m. 1H). 1.28 (£, J= 7.1 Hz, 3H); *C NMR (free basé,
CDCl3) o 174.1 (C), 153.3 (C), 149.7 (CI), 1258 (CI1), 64.8
(CHD, 61.8 (CHJ). 59.9 (CHy). 51.0 (CH2), 30.5 (CHy). 26.4 (CiH).
23.1 {CHy). 15.8 (CHa); EI MS m/Zz (relative intensity} 175 (M*
= CO,EL 100}, 147 (4), 93 (5), 92 {25), 82 (5), 65 {15). Anal.
Calcd for CigHaaNzOo: C. 50.47; H, 5.65; N, 6.54. Found: C,
50.26; 11, 5.74; N, 6.41.

Method III. Same as Method I except for using THE as a
solvent. An example is the reductive amination of 2-heptanone
with morpholine (Table 1: entry 33): 2-Heptanone (2.28 g.
20 mmol} and morpholine (1.92 g. 22 mmol) were mixed in
THF (80 ml} at rt under Nz. Sodium triacctoxyborohydride
(6.36 g, 30 mmol) and glacial AcOH (1.20 g, 20 mmol} were
added, and the mixture was stirred at et for 27 h. The reaction
mixture was quenched with aqueous saturated NaHCO;
solution, and the product was extracted with Et;0. The EtO
extract was dried (MgSO4) and cooled in an ice bath and then
treated with ethereal HCL. The product precipitated as a white
solid. The solid was collecied by [iltration and dried; yield:
3.24 g, 73% (>98% by GC area % analysis) mp 150—151 °C.
The analytical sample was obtained as a white crystalline solid
by recrystallization from EtOAc/MeOH: mp 151—-153 °C; FT-
IR (KBr) 3410 (). 2924 (s), 2863 (s), 2656 (s). 2604 (s). 2462
(m), 1434 {m), 1266 (m), 1114 (s}, 1073 (mm), 928 (m), 881 (m):
1 NMR (CDCLa) 6 12.60 {bs, 1H), 4.43 (di, J =128, 2.1 Hy,
2H), 3.98 (dd,"J= 12.8, 3.0 Hz, 2H), 3.30—3.16 (m, 3H). 3.09-
2.95 {m, 2I1), 2.15=2.06 (m, 1}1), 1.64=1.10 (m, 1011), 1.41 (d,
J= 6.7 Hz, 3H), 0.90 (t, J= 6.5 Hz, 3H); *C NMR (CDCl3) o
63.43 (CHy), 63.37 (CHy), 62.5 (CH), 47.9 (CHy), 47.4 (CHy),
31.2 (CHy), 30.0 (CHy), 25.8 (CHy), 22.2 (CHg), 13.7 (CH3), 134
(CH3); EI MS ni/z (relative intensity) 185 (M*, 5), 170 (28),
L15 {31), 114 (100}, 86 (7), 84 (7), 70 (28). Anal. Calcd for
CuHzCINO: C, 59.58; H, 10.91; N, 6.32; Cl. 15.89. Found:
C, 59.66; H, 11.00; N, 6.42; Cl, 16.09.

Method IV. Samec as method 11 except for using THI as a
solvent. An example is the reductive amination of f-tetralone
with cyclohexylamine (Table 1: entry 10): Cyclohexylamine
(1.09 g, 11 mmol) and S-tetralone (1.46 g, 10 mmol) were mixed
in THF (50 ml.) at rt under Nz. The mixture changed in about
! min from yellow ta dark bluc in color. Sodium triacctoxy-
borchydride {3.18 g, 15 mmol) was added and the mixture
stirred at rt under a Nz atmosphere for 24 h. The color of the
reaction mixture became light pink at the end of the reaction
time. The reaction mixture was quenched by adding aqueous
3 N NaOF (the color changed to dark green). and the product
was extracted with Et,0. The ;O extract was dried (MgSO,)
and cooled in an ice bath and then treated with ethereal HCI.
The product precipitated as a white solid with a light pink
shade. The solid was collected by filtration and dried; yield:
2.27 g, 85% (>98% by GC arca % analysis). The analytical
sample was obtained as a white solid by recrystallization from
F10Ac/MeOH: mp 230-233 °C; FT-IR (KBr) 3415 (s}, 2941
(s), 2819 (s), 2679 {m), 2506 (w), 2430 (w}, 1452 (i}, 742 (m)
cm~!; 'H NMR (CDCla) 6 9.60 (bs, 2H), 7.16=7.02 (m, 4H),
3.62—3.45 (m, 1H), 3.43-3.12 (m, 3H). 2.91—2.80 (m, 2H),
2.61-2.50 (m, 1}H), 2.40—2.17 {m, 3H), 1.91—1.60 (m, GH).
1.39-1.18 (m, 3H};, C NMR {CDCl3) ¢ 134.6 (C), 132.4 (C),
129.2 (CH), 128.6 (CH), 126.5 (CH), 126.1 (CH), 54.2 (CH), 51.0
(CH), 32.3 (CHp). 29.5 (CHy), 28.9 (CH,), 27.9 (CHy), 26.0 (CHy),
24.7 (CHy); EI MS /2 (relative intensity) 229 (M*, 46}, 187
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(13), 186 (85), 158 (12), 132 (11), 131 (77, 130 (100). 129 (34),
128 (20), 116 (14), 115 (26), 104 (23}, 100 (17), 91 (35), 78 (11),
77(12), 56 (28), 55 (31). Anal. Caled for CiH24CIN: C, 72.29;
H, 9.10; N. 5.27; C1. 13.34. Found: C,7241; H,9.27; N, 5.17,
Cl, 13.53.

Method V. This methed is similar to methods | and 1l
except for the use of acctonitrile as a solvent.

Method VI. This method was used with those reactions
involving hindered a-kete esters or weakly basic anmiines in
which a competitive reduction of the carbonyl compounds
occur. ‘The amine is used as a limiting reagent. A representa-
tive example of the a-keto esters is the reductive amination
of methyl 3-methyl-2-oxobutanoate with benzylamine {Table
1: entry 48): methyl-3-methyl-Z-oxobulanate (1.8 g, 12.48
minol} and benzylamine (0,446 g, 4.16 mmol) in DCE (14 mL)
was treated with sodium triacetoxyborohydride (1.76 g, 8.32
mmol} at 0 °C. After stirring 21 h, GC analysis showed total
consumption of the benzylamine with the presence of the
product aming and the intermediate imine in an 8:1 relative
ratio. The reaction was then treated with additional sodium
triacetoxyborohydride (0.88 g, 4.16 mmel). After stirring an
additional 21 h, GC analysis showed completion of the reaction.
The reaction mixture was diluted with EtOAc (20 mL) and
quenched with distilied water (10 mL). After further dilution
with EtOAc (20 mL), the pH of the water layer was adjusted
to 7 with saturated aqueous NaHCQs. The EtOAc layer was
separated and dried (MgSO,). The solvent was removed under

reduced pressure to give the crude product (2.45 g). The crude

product was dissolved in ether and treated with ethercal HCI
to give the HCl salt, 0.92 g, 81% yield, as a white solid: mp
190191 °C; IFT-IR (KBr} 2966 (m), 2806 (m), 2696 (m), 1742
(s}, 1565 {m), 1469 (m), 1424 (m). 1249 {s), 1030 (m}, 753 (m),
704 (m) e~ "I NMR (CDClg) 6 10.65 (bs, 11}, 10.00 (bs 111),
7.66—7.63 (m, 2H), 7.41-7.38 (m, 3H), 4.40 (d, J = 13.3 Hz,
1H),4.25 (d, /=133 Hz, 1H), 4,20 (q. J=7.1 Hz, 2H), 3.45~
3.35 (m, 1H), 2.75=2.60 (m, 1H), 1.30 (1. /= 7.1 Hz 3H). 1.15
(d, J=6.9 He, 3H). 1.09 (d, J= 6.9 Hz, 3}); *C NMR {CDCly)
¢ 166.7 (C), 130.9 (CIT), 129.5 (CH), 129.0 (CHl), 63.1 (CL]),
62.2 (CHy). 50.3 (CHy). 29.4 (CH), 19.5 (CHa), 17.6 (CHy), 14.0
(CH3); CI MS /7 (rel intensity) 236 (MH*, 100}, 162 (38}, 91
(20). Anal. Caled for C4HzCINO,: €, 61.87: H, 8.16: N, 5.15.
Found: C, 61.94; H, 8.21: N, 5.05.

An example of the use of weakly basic amines is the
reductive amination of 1-Carbethoxy-4-piperidone with p
nitroaniline {Table 3: entry 5): 1-Carbelhoxy-4-piperidone (3.2
8. 19 mmol), p-nitroaniline (1.4 g, 10 mmol}, and glacial AcOH
(3.6 g. 60 mmol} were mixed in 1,2-dichloroethane (15 mlL).
Sodium triacetoxyborohydride (6.0 g, 28 mimol) was added to
the above solution and the reaction mixture stirred at room
temperature under N for 18 h (GC analysis indicated a
complete reaction in addition to ca 20% ketone reduction). The
reaction was quenched with saturated aqueous NallCQOj3, and
the product was extracted with EtOAc (3 x 75 mL}. The
EtOAc extract was dried (MgSQy), and the solvent was
evaporated to give a yellow semisolid (4.7 g). The semisolid
was triturated with ether/hexane (7:3) te disolve the excess
piperidone and the piperidol byproduct. The yellow solid was
collected by filtration and dried (1.75 g, 60%), >99% pure by
GC area % analysis. The analytical sample was obtained hy
recrystallization from EtOAc/hexane: mp 172—174 °C; F'I-1R
(KBr) 3327 (s), 3182 (w). 3097 (w), 2929 (w), 2870 (m}, 2398
(m), 1679 (s}, 1600 (s), 1546 {m), 1460 (s}, 1387 (m), 1296 (s),
1234 {m), 1184 (my), 1144 (m), 1105 (s), 1033 (m), 937 (m); 'H
NMR (CDCly/ds—DMS) 6 8.03 (d, J=9.0 Hz, 2H)}, 6.59 d, J
= 9.0 Hz, 2H), 6.14 (d, J = 7.5 Hz, 11}, 4.16—4,10 {(m, 4H),
3.58—-3.50 (m, 1H), 3.02 (m, ZH), 2.04-2.00 (m, 2H), 1.51~
1.42 {m, 2H), 1.27 (1, .7 = 7.0 Iz, 3I1); C NMR (CDCly/as—
DMSQ) 6 154.9 (C), 152.5 (C), 1364 (C), 125.9 (CH), 110.6
(CH), 60.8 (CH3), 49.0 (CH), 41.9 (CH3), 31.0 (CH3}, 14.2 {CH3);
MS (El), 293 (95), 277 (15), 276 (76), 264 (9), 218 (12), 220
(23), 177 {19), 156 (29), 155 (100), 154 (9), 131 (10), 130 {23},
129 (16), 128 (13), 127 (37), 126 (41), 117 (14}, 100 (21), 96
(19), 82 (28}, 57 {18), 56 (57). Anal. Calcd for Ci4H,;sN304: C,
57.33; H, 6.53; N, 14.33. Found: C, 57.27; H, 6.54; N, 14.21.

2. Stepwise Procedures. Aldimine Formation/Reduc-
tion in Methanol. An example is the preparation of N-cy-
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clobutyl-4-chlorobenzylamine (Table 5: entry 4): p-Chloroben-
zaldehyde (1.40 g, 10 mmol) and cyclobutylamine (0.75 g, 10.6
mmal) were mixed in MeQOH (40 ml.)} at rt under a N,
atmosphere. The mixture was stirred at rt for 3 h, until the
aldimine formation was completed (determined by GC). The
aldimine in MeOH was carefully treated with solid NaBH, (0.6
g. 16 mmol). The reaction mixture was stirred for 10 min and
quenched with 1 M NaOIl. The preduct was extracted with
ether. The ether extract was washed with saturated agueous
NaCl and dried (MgSO4). The solvent was evaporated to give
the crude product as a nearly colorless oil (1.92 g, 98%) which
was >%7% pure by area % GC analysis. The oil was dissolved
in ether and treated with cthereal TICI to give the HCI salt
which was recrystallized from EtOAc¢/MeOH as white crystals,
2.07 g, 89%, mp 237—-238 °C; FT-IR (KBr) 2917 (s}, 2804 (s},
2762 (s), 2435 (m), 1497 (m), 1432 {m), 1092 (m), 808 {m}, 520
(m) cm™; '"H NMR ({free base, CDCls)} é 7.25—7.22 (m, 4H),
3.64 (s, 2H), 3.28-3.21 (m, 1I'1), 2.23—2.16 (m, 211), 1.71-1.63
(m, 4H), 1.38 (bs, 1H); 'H NMR (HCI salt, CDCl; + CD3;0D) ¢
9.7G (hs, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.37 (d, /= 8.4 Hz,
2H), 3.94 (s, 2H), 3.52 (q, /=8.15 Hz, 1H). 2.95 (bs, 2H), 2,41~
2.35 {m, 2H), 2.22—2.13 (m, 2H), 1.99—1.89 (m, IH). 1.83—
1.73 {m, 1H); *C NMR (free base, CDCly) 6 138.9 (C), 1321
(C), 130.1 (CH). 129.4 (CH). 50.2 (CH}. 533.4 (CH.}. 30.9 (2 CH.),
14.6 (CH2}; EIMS m/z (relative intensity) 196 (M), 167 (48),
125 (100), 89 (26), 39, (18). Anal. Caled for C; HisCILN: C,
56.91: H, 6.51: N, 6.03; Cl, 30.54. Found: C, 56.89; H, 6.45;
N, 5.87; CI, 30.82.

Reduction of Enamines. An example is the reduction of
I-morpholino-1-cyclohexene (Table 5, entry 6 and Table 1,
entry 5): 1-Morpholino-1-cyclohexene (1.67 g, 10 mmol) in
DCE (30 mL) and AcOH (0.61 g, 10 mmol} was treated with
sodium triacetoxyborohydride (3.0 g, 14 mmol) and stirred
under argon. The GC analysis determined that the reduction
was complete after 10 min. The reaction was quenched by
adding 1 M NaOIl, and the product was extracted with cther.
The ether extract was dried (MgS04), and the solvent was
evaporated under reduced pressure to give the crude product
as a colorless oil (1.70 g). The oil was dissolved in ether (50
ml}, cooled in an ice bath, and treated with ethereal HCI to
give the HCl salt as a white solid. The solid was collected by
filtration air-dried, and then recrystallized from EtOAc¢/McOH
to give the purified product (1.88 g, 91.4%): mp 260-262 °C.
Picrate salt: a yellow solid, mp 174—175 °C (cthanol) (lit.!?
176-177 °C); FT-IR (HCI salt, KBr) 3425 (s}, 2937 (s). 2861
(m), 2672 (s), 2606 (s), 2478 (m), 1448 (m), 1399 (w), 1267 (w),
1110 (s), 1070 (w}, 950 (w) em—'; 'H NMR (free base, CDCly) ¢
3.74(t, J= 5.0z, 4H), 243 (t, .= 5.0 Hz, 411}, 2.29 (m, 11),
1.88 (d. /=100 Hz, 4H), 1.61 (d. .J= 13.0 Hz, IH)}. 1.28 (m,
5H); *CNMR (free base, CNCL) 6 66.9 (CHy), 63.4 (CH), 49.3
(CH3), 28.4 (CHy), 25.9 (CHy}, 25.4 (CHy); EI MS m/z (relative
intensity) 169 (M*, 16), 127 (11}, 126 (100), 98 (7}, 83 (10), 82
(12}, 68 (10}, 56 (19), 55 (36). Anal. Calced for CypllzoCINO:
C, 58.38; H, 9.80; N, 6.81; C1, 17.23. Found: C, 58.22; H, 9.69;
N, 6.72; Cl, 17.25,

The Use of Titanium(IV) Isopropoxide. An exampleis
the synthesis of A-[1-(1-cyclehexenyl}ethyl]benzylamine (Table
5, entry B} 1-Acetylcyclohexene (1.24 g, 10 mmol) and
benzylamine (1.2 g, 11.2 mmol) were mixed in neat titanium-
(V) isopropoxide (4.78 g, 16.8 mmol) and stirred under
nitrogen for 3 h. Methanol (15 mL) was added followed by
careful addition of NaBH4 (0.6 g. 16 mmol). Analysis of the
reaction mixture after 5 min by GC indicated a complete
reduction to the amine. ‘The reaction was quenched by adding
0.1 N NaOH. The resulting mixture was filtered through
Celite, and the residuc was washed with cther (2 x 50 mL)
and with CH,Cl; (50 ml). The organic layer was separated
and dried (MgSQy). The solvent was remaoved under reduced
pressure (o give the crude product (2.2 g). ‘The crude product
was dissolved in ether and treated with ethereal HCl 1o give
the HCI salt as a white solid. The solid was purified by
recrystallization from EtOAc/MeOH to give 2.1 g, 83%, of white
crystals: mp 215-217 °C; F[-IR (KRr) 3417 (m). 2932 (vs),
2835 (), 2782 (s), 2732 (s), 2481 (w), 2422 (w), 1581 (m}, 1454
(m)}, 1381 (w), 748 (m). 680 (m) cm~'; 'H NMR (CDCl3) 6 9.65
(bs, 1H), 7.61 (d, J = 7.4 Hz, 2H), 7.35 (t, J = 7.4 Hz, 2},
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7.29 (d. J=T7.0 Hz 1H), 5.73 (s, 1H), 3.95-3.92 (m, 1}1), 3.78—
3.72 (m, 1H), 3.44 (bs, 11}, 2.25—-2.21 (mm, 1H), 2.05—1.95 {m,
3H), 1.72—1.51 {m, 4H), 1.52 {d, .J = 6.8 Hz, 311); '*C NMR
(CDCly) o 132.6 (C). 130.6 (CH), 130.5 (C}. 129.8 (CH). 128.9
(CH), 128.7 (CH), 59.0 (CH), 48.3 (CH3), 25.1 (CHy), 23.8 (CHy).
22.2 (CHz). 21.9 (CHz). 17.4 (CHa); EI MS m/z (relative
intensity) 215 (M*, 4), 201 (16), 200 (83), 134 (17). 109 (4),
108 (4}, 105 (10), 93 (5), 92 (13), 81 (100), 79 (13), 77 (11). Anal.
Caled for CsHxCIN: C, 71.55; H, 8.81; N, 5.56: Cl, 14.08.
Found: C, 71.73; H, 8.92: N, 5.40; CI, 13.96.
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CERTIFICA:
NOMBRE : TECNOQUIMICAS S.A
SIGLA : TQ S.A.
DOMICILIO: CALI VALLE
DIRECCION COMERCIAL :---C 23 7 39
DIRECCION NOTIFICACION JUDICIAL:---C 23 7 39

CIUDAD:CALI : ,
MATRICULA MERCANTIL NRO. 7049-4 FECHA -MATRICULA : 01 DE JULY DE 1957

AFILIADO Lo ”,ufﬂ\\ ///’« N R
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NS CERTIFICA: .
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NIT : 890300466-5 ST v T
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\ . CERTIFICA: IV /

o T /,:/ ' \\:“‘» - /

L . ~. -
QUE POR ESCRITURA NRO;\2670rDEL'12 DE JUNE DE~1957--~ NOTARIA SEGUNDA DE CALI ,
INSCRITA EN LA CAMARA DE COMERCIO EL 01 DE JULY DE 1957 BAJQ EL NRO. 16627 DEL
LIBRO IX , SE CONSTITUYO LA SOCIEDAD DENOMINADA COMPANIAS TECNOQUIMICAS
LIMITADA

CERTIFICA:

QUE POR ESCRITURA NRO. 8438 DEL 30 DE DECEMBER DE 1970 NOTARIA SEGUNDA DE
CALI , INSCRITA EN LA CAMARA DE COMERCIO EL 07 DE JANUARY DE 1971 BAJO EL NRO.
42260 DEL LIBRO IX ,LA SOCIEDAD SE TRANSFORMO DE SOCIEDAD LIMITADA EN SOCIEDAD
EN COMANDITA POR ACCIONES BAJO EL NOMBRE DE COMPANIAS TECNCOQUIMICAS LIMITADA

" COMANDITA POR ACCIONES (SIC)

CERTIFICA: . /

i

, [
QUE POR ESCRITURA NRO. 2139 DEL 21 DE APRIL DE 1972 NOTARIA SEGUNDA DE CALT ,
INSCRITA EN LA CAMARA DE COMERCIC EL 26 DE APRIL DE 1972 BAJO EL NRC. 794 DEL

LIBRC IX , LA SOCIEDAD CAMBIO SU NOMBRE DE COMPANIAS TECNOQUIMICAS LiMITADA
COMANDITA POR ACCIONES (SIC) . POR EL DE TECNOQUIMICAS LIMITADA & CIA S.C.

A. . _ Tk

'
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CERTIFICA:

QUE POR ESCRITURA NRO. '3255 DEL 30 DE AUGUST DE 1983 NOTARIA DECIMA DE CALT ,
INSCRITA EN LA - CAMARA DE COMERCIC EL 31 DE AUGUST DE 1983 BAJO EL NRO. 62343
DEL' LIBRO IX ,LA "SOCIEDAD SE TRANSFORMO DE SOCIEDAD EN COMANDITA POR ACCIONES
) EN SOCIEDAD AN°NIMA BAJO EL NOMBRE DE TECNOQUIMICAS S A

N CERTIFICA:

QUE " POR ESCRITURA NRO. 5664 "'DEL 12 DE DECEMBER DE 2005 NOTARIA TERCERA DE
CALT , INSCRITA EN LA CAMARA DE COMERCIO EL 19 DE DECEMBER DE 2005 BAJO EL NRO.

14102 DEL LIBRO IX , SE. .APROBO LA FUSION POR ABSORCION ENTRE (ABSORBENTE)
TECNOQUIMICAS . S.A. . X (ABSORBIDA . (8)) ~DISTRIBUIDORA FARMACEUTICA CALOX
COLOMBIANA S.A. - EN LIQUIDACION-, ST E T ~. & ‘ ‘
'ORGANIZACION FARMACEUTICA AMERICANA S. A. OFA - EN LIQUIDACION-

NN s

N et e ‘\iil” o ///

=" cERTIFICA: -
,,,,,, ‘\\ ' //“/ T~

QUE POR' ESCRITURA NRO ’1675 DEL 08 DE MAY DE 2008\ NbTARIA TERCERA DE CALI ,
INSCRITA EN LA CAMARA\ DE COMERCIO EL 16 DE MAY DE 2008 BAJO EL NRO. 5362 DEL

J,LIBRO IX , LAS SOCIEDAD\\CAMBIO SU ; NOMBRE DE TECNOQUIMICAS S A . POR EL DE
TECNOQUIMICAS S.A. . SIGLA To-gKY ‘ \\ . //
B —— | | R
CERTIFICA:
REFORMAS . ‘ . : , :
DOCUMENTO .. FECHA.DOC . ORIGEN ' FECHA.INS NRO.
_ INS LIBRO - : :
"E.pP. ‘4075 ~ 05/09/1957 NOTARIA SEGUNDA DE CALI 27/09/1957
16922 .
" E.p. .5718 . 28/11/1957 'NOTARIA SEGUNDA DE CALI °~ 30/12/1957
17242 . e v ‘ :
" E.P. 5507. < . 31/12/1957 -NOTARIA . PRIMERA DE CALI “13/03/1958
]17529 VINT e . e, e . ‘ . ' . . . .. . | | . N .
E.P! 3124 '16/07/1958 ' NOTARIA PRIMERA DE CALT : . 17/10/1958
18365 o : - : .
-E@P:"3325‘5 ?' 29707/1958  NOTARIA PRIMERA DE CALI . 17/10/1958
18366 .. . .. - Co .
E.D: 5726° - . 17/12/1958 .NOTARIA - PRIMERA DE CALI ' 12/05/1959
ig258 . R |
E.P. 2374 ' 12/05/1959 NOTARIA PRIMERA. DE CALI 03/06/195%
19368. ‘ ‘ - : ,
E.P. 2793.  20/06/1961 NOTARIA PRIMERA DE CALI 07/07/1961
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— 22676
E.P.
22617
E.P.
23489
E.DP.
23850
E.D.
26016
E.P.
27107
E.P.
27181
E.P.
‘27681
E.P.
27682
E.P.
28591
E.P.
29569
E.P.
31623
E.P,
32757
E.P.
33009
E.P.
34591
E.P.
35082
E.P.
37141
E.P.
37615
E.P.
39341
E.P.

. 41379
E.P.
44154
‘'E.P.
44367
"E.P.
44716
E.P.
5505
E.P.

2794
6365
1383
3396
8853
5718
2743
2744
7057
1693
1799
2498
2792
2209
6933
6363
7711
5597
5211
6576
7286
8042
6209
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07/07/1961

20/06/1961 NOTARIA PRIMERA DE CALI
30/12/1961 NOTARIA PRIMERA DE CALI 23/01/1962
21/03/1962 - NOTARIA PRIMERA DE CALI 28/03/1962
28/05/1963 NOTARIA PRIMERA DE CALI 11/06/1963
30/12/1963 NOTARIA DPRIMERA DE CALI 23/01/1964
28/11/1957 NOTARIA SEGUNDA DE CALI 10/02/1964
29/04/1964 NOTARIA PRIMERA DE CALI 06/05/1964
29/04/1964 - NOTARIA PRIMERA _DE- CALI_ 06/05/1964
o7 P - \\ S
21/10/1964 NOTARIA PRIMERA DE CALL \ 22/10/1964
% 5 : - / ! o
26/04/1965 . NOTARIA #PRIMERA _DE- CALT /// 28/04/1965
g = AL
10/05/19§6:~NOTARI% pRIMERA/,DE- CALT 11/05/1966
Y U Y NN
18/11/1966 NOTARIA CUARTA DE CALI™ N 25/11/1966
! ‘ ] t ' .
.. 5\ \\ Lo ,/ / o
27/12/1966\\NQTARIA§fCUARTA§\pE_ CALT /// 05/01/1967
\,\ - ’,.—.--/,, I » i \\;,::Mﬁm, - . P
25/09/1967 NOTARIA CUARTA DE CALI 04/10/1967
20/12/1967 NOTARIA SEGUNDA DE CALI 28/12/1967
14/11/1968 NOTARIA SEGUNDA DE CALI 26/11/1968
31/12/1968 NOTARIA SEGUNDA DE CALI 04/02/1969
30/09/1969 NOTARIA SEGUNDA DE CALI 18/10/1969
27/08/1970 NOTARIA SEGUNDA DE CALI 04/09/1970
07/10/1971 NOTARIA SEGUNDA DE CALI 14/10/1371
08/11/1971 A NOTARIA SEGUNDA DE CALI 10/11/1971
' /
03/12/1971 NOTARIA SEGUNDA DE CALI 21/12l1971
. ‘F ['
05/10/1973 NOTARIA SEGUNDA DE CALI 15/10/1973
Pl
31/12/1973 NOTARIA = SEGUNDA DE CALI '08/@ﬁj$ggg
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CERTIFICA:

ORJETO SOCIAL. LA SOCIEDAD TIENE POR OBJETO: A) LA FABRICACION, EL ENVASADO,
La IMPORTACION, LA EXPORTACION, LA VENTA Y DISTRIBUCICN DE PRODUCTOS
BIOLOGICOS Y QUIMICOS, MEDICAMENTOS O PRODUCTOS FARMACEUTICOS, PERFUMERIA O
EFECTOS DE TOCADOR, PRODUCTOS VETERINARIOS, AGRICOLAS Y ALIMENTOS NATURALES
Y/0O PRODUCTOS DE CONSUMC POPULAR DE CUALQUIER NATURALEZA Y SERVICIOS EN
GENERAL. B) INVERTIR EN SOCIEDADES © EMPRESAS DE CUALQUIER NATURALEZA O
ESPECIE DE LA SOCIEDAD MERCANTIL, NACIONAL O EXTRANJERA, QUE TENGAN COMO
ACTIVIDAD O NEGOCIO PROPIO DE SU OBJETO LA FABRICACION, DISTRIBUCION Y
COMERCIO EN GENERAL DE PRODUCTOS BIOLOGICOS Y QUIMICOS, MEDICAMENTOS O
PRODUCTOS FARMACEUTICOS, PERFUMERIA O EFECTOS DE TOCADOR, PRODUCTOS
VETERINARIOS, AGRICOLAS, ALIMENTOS NATURALES. Y/O PROCESADOS, PRODUCTOS - DE
CONSUMO POPULAR, SERVICIOS EN GENERAL O LA EXPLOTACION DE ESTABLECIMIENTOS DE
COMERCTIO DEDICADOS A DICHO GIRO. C) ADQUIRIR ACCIONES CUOTAS SOCIALES, BONOS
CEDULAS . TITULOS U OTROS/'VALORES EN COMPANIAS ‘DE._ CUALQUIER NATURALEZA © TIPO
LEGAIL.,, DEDICADAS A /LA /EXPLOTACION DE CUALQUIER ACTIVIDAD ECONOMICA LICITA Y
ENAJENARLAS.D) LA EXPLOTACION DEL - NEGCCIO DEJ LA PUBLICIDAD Y EL

ESTABLECIMIENTO DE OFICINAS DEDICADAS A- ESTE NEGOCIO 0 A LA CREACION DE
ORGANOS DE PUBLICIDAD \HABLADOS/ O ESCRITOS.\ E) GARANTIZAR LAS OBLIGACIONES
PROPIAS DE LOS ACCIONISTAS O DE. TERCEROS E)fLA ADQUISICION DE BIENES MUEBLES,

INMUEBLES Y DE TODA,CLASE’DE EQUIPO Y MAQUINARIA\PARA\SU ARRENDAMIENTO O PARA
LA COMERCIALIZACION /DE /ELLOS EN‘ DESARROLLO DEL OBJETO SOCIAL PODRA OBTENER
PRIVILEGIOS INDUDTRIALES CONCESIONES ‘PATENTES DE INVENCION DE 'MEJORAS O
PROCEDIMIENTOS, MARCAS DE FABRICA/O DE COMERCIOL/YA SEA EN NOMBRE PROPIO O DE
TERCEROS, OTORGAR A TERCEROS /DENTRO . 0 FUERA DEL/PAIS CONCESIONES O USOS -DE
EXPLOTACION SOBRE ESTOS DERECHOS,“‘EJECUTAR TODA CLASE DE CONTRATOS DE
COMPRAVENTA, DISTRIBUCION DE MATERIAS PRIMAS, DE PRODUCTOS SEMIELABORADOS O
ELABORADOS EN EL MERCADO INTERNC O EN EL EXTERIOR Y EN GENERAL, LA CELEBRACION
DE TODO ACTC O CONTRATO SOBRE BIENES ~ MUEBLES O INMUEBLES DE COMERCIO,
INDUSTRIALES © DE OTRA INDOLE QUE SE REFIERAN DIRECTAMENTE A LAS ACTIVIDADES
QUE -PERSIGUE LA SOCIEDAD.

CERTIFICA:

?RGANCS DE DIRECCI?N Y ADMINISTRACI?N. PARA LOS FINES DE SU DIRECCI?N,
"ADMINISTRACI?N Y REPRESENTACI?N, LA SOCIEDAD TIENE LOS SIGUIENTES ?RGANOS: " A)
.ASAMBLEA GENERAL DE ACCIONISTAS. B} JUNTA DIRECTIVA. C) PRESIDENTE EJECUTIVO.
D) TRES VICEPRESIDENTES EJECUTIVOS. E) VICEPRESIDENCIAS ADMINISTRATIVAS.

LA  DIRECCI?N DE LA SOCIEDAD CORRESPONDE, EN PRIMER TERMINO A LA ASAMBLEA
GENERAL DE ACCIONISTAS Y EN SEGUNDO LUGAR, A LA JUNTA DIRECTIVA COMO DELEGADA
DE AQUELLA. i

b
LA REPRESENTACI?N LEGAL DE LA SOCIEDAD Y LA GESTI?N DE LOS NEGOCIOS SOCTALES,
ESTAR?N A CARGO DEL PRESIDENTE EJECUTIVO Y DE LOS TRES VICEPREﬁTEENTES

H.;"\L.\ wr [
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EJECUTIVOS"*' T ' '
I SR LR U SR T . .
FUNCIONES " DE. jLA ASAMBLEA DE ACCIONISTAS ENTRE OTRAS LAS. SIGUIENTES: 1)
;ACORDAR LA, FUSI”N‘ ‘DE LA’ SOCIEDAD, SU TRANSFORMACI?N, LA ENAJENACI?N O EL
: ARRENDAMIENTO .DE_ | LA EMPRESA SOCIAL, LA DISOLUCI?N O LA PRORROGA Y CUALQUIER
. REFORMA;" - AMPLIACT?N - . MODIFICACI?N .DEL CONTRATO SOCIAL. 9) AUTORIZAR LA
J'ADQUISICI°N DE . ‘ACCIONES . PROPIAS; CON SUJECI?N A LOS REQUISITOS ESTABLECIDOS
"poR LA™ LEY.’ '10) * ADOPTAR. 'EN'. GENERAL, TODAS LAS - MEDIDAS QUE RECLAMEN EL
: CUMPLIMIENTO DE LOS ESTATUTOS 0 EL INTER?S DE LA SOCIEDAD :

-.«O,L' Sar Nl ‘

LA JUNTA DIRECTIVA SE COMPONE DE SEIS (6) MIEMBROS PRINCIPALES. O DIRECTORES
ELEGIDOS POR LA ASAMBLEA GENERAL DE ACCIONISTAS PARA PER?0DOS DE DOS A?0S, SIN
LPERJUICIO DE QUE . PUEDAN: SER -REMOVIDOS LIBREMENTE POR LA ASAMBLEA O. REELEGIDOS

"INDEFINIDAMENTE“‘ SIMULT9NEAMENTE CON LA ELECCI?N DE LOS. PRINCIPALES, LA
ASAMBLEA | 'ELEGIR?. SEIS ' (6)._ SUPLENTES- NUM?RICOS LOS 'CUALES, EN EL ORDEN DE
" DESIGNACI?N, - .. REEMPLAZAR7N AL TLOS PRINCIPALES 'EN. SUS FALTAS ABSOLUTAS,
ACCIDENTALES o¥ TEMPORALES d‘,,”f\ ! f;‘"' , \\ \\ e B

VI IR YT Lo DT el ),
"ENC LA JUNTA aDIRECTIVA \SE ENTIENDE DELEGADO EL//MAS / AMPLIO MANDATO PARA
ADMINISTRAR LA SOCIEDAD Y \POR”’CONSIGUIENTE TENDR° ATRIBUCIONES ' SUFICIENTES
. PARA ORDENAR QUE SE EJECUTE O CELEBRE CUALQUIER -ACTO © CONTRATO COMPRENDIDOC
v DENTR@ CDEL OBJETO SOCIAE//thPARA ADOPTAR/ LAS DETERMINACIONES NECESARIAS EN
- ORDEN: A‘LQUE LA"SOCIEDAD CUMPLEQRSUS ;FINES Y DE\MANERA ESPECIAL TENDR? LAS
SIGUIENTES"‘FUNCIONES ENTRE:..OTRAS: ;C). NOMBRAR \Y REMOVER LIBREMENTE AL
'JPRESIDENTE EJECUTIVO\ A LOS VICEPRESIDENTESJEJECUTIVOS Y A LOS: VICEPRESIDENTES
ADMINISTRATIVOS E) DISPONER~—EL“ESTABLECIMIENTO ‘0 LA CLAUSURA DE SUCURSALES O
- AGENCIAS N DENTROIUO FUERA*—DEL DOMLQ;PIO SCCIAL. )" “FIJAR LAS POL?TICAS DE LA
SOCIEDAD" - EN.ii" LOS. 'DIFERENTES ORDENES DE SU ACTIVIDAD, ESPECIALMENTE EN MATERIA
FINANCIERA fECON’MICA Y LABORAL - APROBAR PLANES DE INVERSI?N. Y DE PRODUCCI’N
DECIDIR SOBRE NUEVAS LINEAS ‘DE" PRODUCCI?N .Y VENTA, ESTABLECER NORMAS GENERALES
EN MATERIA DE PRECIOS Y’DE VENTAS DE LOS PRODUCTOS ELABORADOS POR LA SOCIEDAD
O DE LOS MATERIALES‘ Yo DEM°S ELEMENTOS EN QUE ELLA NEGOCIE Y’ DICTAR: NORMAS Y
REGLAMENTOS}nPARA LA ORGANIZACI’N Y EL FUNCIONAMIENTO DE TODAS LAS DEPENDENCIAS
DE LA, SOCIEDAD.,\G)‘ DETERMINAR ‘LA APLICACI®?N QUE DEBA DARSE A LAS UTILIDADES
i QUE CON ~EL ~CAR?CTER: DE RESERVAS DE INVERSIZ?N, HAYANISIDO APROPIADAQ POR LA
’ ASAMBLEA DE“ACCIONISTAS : H)’ AUTORIZAR PREVIAMENTE LAS OPERACIONES QUE, TENGAN
ﬂ POR OBJETO 1) ADQUIRIR HIPOTECAR Y EN CUALQUIER OTRA FORMA GRAVAR O LIMITAR
'rEL DOMINIO DE BIENES RAQCES CUYA CUANT?A- SEA SUPERIOR A‘$100.000.000LOO MONEDA
JHCORRIENTE 2%, CONSTITUIR rPRENDA ,SOBRE . BIENES SOCTIALES O DARLOS EN‘ANTICRESIS
" PARA"ACTOS O CGNTRATOS CUYA .CUANT?A SEA SUPERIOR A $100.000.000.00 MONEDA
. CORRIENTE i"3) AUTORIZAR - INVERSIONES -~ "EN BIENES DE CAPITAL O EEECTGAR
‘ REPARACIONES O MEJORAS DE 'LOS MISMOS CUANDO UNAS ‘U’ OTRAS IMPLIQUEN, .EN CADA
’,,CASO ) COSTOS O DESEMBOLSOS EN. CUANT°A O SUPERIOR A CIEN MIL D?LARES AMERICANOS
($USlOO OOO OO) ‘,4) AUTORIZAR 'LOS CONTRATOS DE MUTUO QUE PUEDAN CELEBRAR LA
'T ‘SOCIEDAD.E LLOS REPRESENTANTESM LEGALES CUANDO SU CUANT?A SEA ‘SUPERIOR Al
$lOO 000:.000: 00" 'MONEDA. ‘LEGAL -COLOMBIANA - O A USSSOO 000.00. L}- AUTORIZAR AL
REPRESENTANTE”‘LEGAL‘ PARA' - QUE SOLICITE " LLEGADO EL CASO, QUE SE ADMITA A LA
COMPA7‘°AU A LA CELEBRACI°N DE CONCORDATO PREVENTIVO CON -8US ACREEDORES. M)
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—SERVIR-DE—?RGANO-CONSULTIVO Y ASESOR DE LOS REPRESENTANTES DE LA COMPA??A.

LA ADMINISTRACI?N INMEDIATA DE LA COMPA??A, SU REPRESENTACI?N LEGAL Y LA
GESTI?N DE LOS NEGOCIOS SOCIALES ESTAR?N A CARGO DEL PRESIDENTE EJECUTIVO Y DE
LOS TRES VICEPRESIDENTES EJECUTIVOS, DESIGNADOS POR LA JUNTA DIRECTIVA PARA
PERIODOS DE UN A?0, REELEGIBLES INDEFINIDAMENTE Y REMOVIBLES LIBREMENTE POR
ELLA EN CUALQUIER TIEMPO, QUIENES COMO REPRESENTANTES LEGALES PODR?N ACTUAR
CONJUNTA O SEPARADAMENTE CON IGUALDAD DE FUNCIONES Y CALIDADES. TODOS LOS
EMPLEADOS DE LA COMPA??A CON EXCEPCI?N DE LOS DESIGNADCS PCR LA ASAMBLEA DE
ACCIONISTAS Y LOS DEPENDIENTES DEL REVISOR FISCAL, SI LOS HUBIERE, ESTAR?N
SOMETIDOS EN EL DESEMPE?0O DE SUS CARGOS A LOS REPRESENTANTES LEGALES.

LOS REPRESENTANTES LEGALES SON MANDATARTIOS CON REPRESENTACI?N INVESTIDOS DE
FUNCIONES EJECUTIVAS Y ADMINISTRATIVAS Y COMO TALES TIENEN A SU CARGO LA
REPRESENTACI?N LEGAL DE LA COMPA??A, LA GESTI?N COMERCIAL Y FINANCIERA, LA
RESPONSABILIDAD DE TLA ACCI?N ADMINISTRATIVA,- A COORDINACI?N Y LA SUPERVISI?N
GENERAL DE LA EMPRESA, LAS CUALES CUMPLIR?N CON ARREGLO A LAS NORMAS DE LOS
ESTATUTOS Y A LAS /DISPOSICIONES LEGALES Y CON “SUJECI?N A LAS ORDENES E
INSTRUCCIONES DE LA JUNTA DIRECTLVA. o g
. e e i ,

COMO REPRESENTANTES LEGALES DE- LA COMPA??A EN JUICIO Y FUERA DE JUICIO, LOS
REPRESENTANTES TIENEN _FACULTADES ' PARA _EJECUTAR O CELEBRAR SIN OTRAS
LIMITACIONES QUE LAS, ESTABLECIDAS, EN LOS~ ESTATUTOS\ EN CUANTO SE TRATE DE
OPERACIONES QUE DEBAN SER PREVIAMENTE AUTORIZADAS POR LA JUNTA DIRECTIVA O POR
LA ASAMBLEA DE ACCIONISTAS, TODOS LOS ACTOS O CONTRATOS COMPRENDIDOS DENTRO
DEL OBJETO SOCTAL O.QUE“TENGAN CAR?CTER“SIMPLEMENTE PREPARATORIO, ACCESORIO O
COMPLEMENTARIO PARA LA“REALIZACI?N DE LOS FINES QUE-PERSIGUE LA SOCIEDAD Y LOS
QUE SE RELACIONAN DIRECTAMENTE CON- LA EXISTENCIA Y EL FUNCIONAMIENTO DE LA
MISMA. LOS REPRESENTANTES QUEDAN INVESTIDOS DE PODERES ESPECIALES PARA
TRANSIGIR, ARBITRAR Y COMPROMETER LOS NEGOCIOS SOCIALES; PROMOVER O COADYUVAR
ACCIONES JUDICIALES, ADMINISTRATIVAS O CONTENCIOSO ADMINISTRATIVAS EN QUE LA
COMPA??A TENGA INTER?S E INTERPONER TODOS LOS RECURSOS QUE SEAN PROCEDENTES
CONFORME A LA LEY; DESISTIR DE LAS ACCIONES O RECURSOS QUE INTERPONGAN; NOVAR
OBLIGACIONES O CR?DITOS; DAR O RECIBIR BIENES EN PAGO; CONSTITUIR APODERADOS
JUDICIALES O  EXTRAJUDICIALES, DELEGARLES FACULTADES REVOCAR MANDATOS Y
SUSTITUCIONES.

PAR?GRAFO: LOS REPRESENTANTES LEGALES DE LA SOCIEDAD TIENEN AMPLIAS

- FACULTADES, SIN NINGUNA LIMITACI?N Y SIN REQUERIR AUTORIZACI?N PREVIA DE LA

JUNTA DIRECTIVA, PARA ACTUAR EN NOMBRE DE LA SOCIEDAD EN LICITACIONES
PUBLICAS, PRIVADAS O CUALQUIER OTRA MODALIDAD DE CONTRATACI?N, PRESENTAR
PROPUESTAS, ACEPTAR ADJUDICACIONES Y CONTRATAR SIN LIMITACI?N DE CUANT?A
ALGUNA ANTE LAS ENTIDADES PUBLICAS, EMPRESAS INDUSTRIALES Y COMERCIALES DEL
ESTADO, SOCIEDADES DE ECONOM?A MIXTA, BIEN SEAN ELLAS DEL ORDEN.NACiONAL,
DISTRITAL, DEPARTAMENTAL . 0 MUNICIPAL. .W

CERTIFICA:
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-INSCRIPCION .\26 DE JANUARY DE 1993 No. 62203 DEL LIBRO IX

S C.C. 14949561 e

: T A - ~

IR AR R RN Ty, - TN
VICEPRESIDENTE EJECUTIVO ‘ | )
JUAN BAUTISTA DE LOS RIOS'GUTIERREZ s v P
¢.Cc.17108621 LN T N T
- . T T T
VICEPRESTDENTE EJECUTIVO N 7~ N
EMILIO SARDI- APARICIO ( A
C.C.14432582 N\ N I .

_ _ e e N

C.DOCUMENTO ACTA NO 67 DEL 28 DE MARCH DE 2008 ' : '

PRINCIPALES S
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DOCUMENTO : ACTA Nor 393 DEL 20 DE JANUARY DE 1993
ORIGEN: JUNTA DIRECTIVA '

FUE(RON) NOMBRADO(S)

PRESIDENTE EJECUTIVO
FRANCISCO JOSE BARBERI OSPINA
c.C. 14445880

VICEPRESIDENTE- EJECUTIVO
JUAN MANUEL BARBERI OSPINA

f B R - e
R T NN . - RN

D :\'1; CERTIFICA:

1

ORIGEN: ASAMBLEA . DE ACCIONISTAS
INSCRIPCION. 16 DE MAY DE 2008 No. 5363 DEL LIBRC IX

FUE(RON) NOMBRADO(S)

JUNTA DIRECTIVA
S e

[T

PRIMFR RENGLON
FRANCISCO JOSE BARBERI OSPINA;

P U jn. ) .
SEGUNDO RENGLON Do
JUAN' MANUEL. BARBERI" ‘OSPINA RN :
C.C. 14949561'J‘ e : .
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TERCER RENGLON
EMILIO SARDI APARICIO
C.C.14434582

CUARTO RENGLON -
ANTONIQ JAIR(Q RAMIREZ ECHAVE
C.C.16741040

QUINTO RENGLON
DIEGOC HUMBERTO QUIJANC REISSNER
C.C.16615708

SEXTO RENGLON
ALONSC BOTERO PARDO
C.C.16830282 PR

- T~ T B
N
SUPLENTES e j N \\
. L N n /
. A . e /
PRIMER RENGLON A s Now ey
VICTOR RICARDO ROSA GARCIA = _- - e
C.C.6811102 SRR S,
; L~ . L T
v P T i - ™~
SEGUNDO RENGLON ;7 | & ™
ERNESTO TRUJILLO PEREZ . oy
C.C.14984104 N A

TERCER RENGLON
ANA MARIA ALVAREZ ROBLEDOC
C.C.31170896

CUARTO RENGLON

GUSTAVC ADOLFO SANCHEZ LESMES
C.C.16625960

QUINTO RENGLON

JORGE ENRIQUE ARIZA BERNAL
C.C.19494493

SEXTO RENGLON

MARTHA LUZ GONZALEZ TORRES ‘ .
C.C.31854671

CERTIFICA: ' i
DOCUMENTO: ACTA No. 59 DEL 31 DE MARCH DE 2003 DR

*** CONTINUA ***
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ORIGEN: ASAMBLEA DE- ACCIONISTAS 1
INSCRIPCION: 23 DE APRIL DE 2003 No. 2845 DEL LIBRO IX

FUE (RON) NOMBRADO (S) :
REVISOR FISCAL ‘
DELOITTE & TOUCHE LTDA D & T LTDA
'NIT.860005813%4" !

CERTIFICA:

DOCUMENTO DOCUMENTO PRIVADO DEL 26 DE AUGUST DE 2004
ORIGEN: DELOITTE & TOUCHE LTDA - D &jI}LTDA //‘, ‘\
INSCRIPCION: 30 DE AUGUST/DE 2004 Nd\ 9417/DEL LIBRO\IX \

FUE (RON)’ NOMBRADO(S) \\ i ™ P J
e S~ T
. REVISOR FISCAL PRINCIPAL 'f;;::;“’ L e o
LUIS FERNANDO QUICENO BENAVIDES- . P
c.c.6106227 o ./ //'t . 5\\ Iz SN
- . AN S
REVISOR FISCAL SUPLENTE~___ ~—~—— " N S

JESUS DARIO LOPEZ CASELLA j IR
C.C.16789097

C T ,Nj‘ _ ‘ B CERTIFICA:
QUE 'POR’ ESCRITURA NRO. 5235 DEL 19 DE JULY DE 1996 NOTARIA DECIMA DE CALI ,
INSCRITA "EN "LA. CAMARA DE COMERCIO EL 25 DE JULY DE 1996 BAJO EL NRO. 144 DEL
LIBRG V MEDIANTE LA CUAL SE LE CONCEDE PODER ESPECIAL, AMPLIO Y SUFICIENTE A
CARLOS ALBERTO QUINTERO, MAYOR DE EDAD, VECINO DE ESTA CIUDAD, IDENTIFICADO
CON LA CEDULA DE CTUDADANIA NRO.

14 .440.778 DE - CALI, PARA QUE EN NOMBRE Y REPRESENTACION DE LA SOCIEDAD, CUYA
PERSONERIA OSTENTA, EL REPRESENTANTE EN LOS SIGUIENTES ACTOS: A) PRESENTAR EN
LA . ADMINISTRACION DE. TMPUESTOS Y ADUANAS NACTONALES O DEL ORGANISMO QUE HAGA
SUS | VECES Y FIRMAR EN REPRESENTACION DE LA SOCIEDAD, LAS DECLARACIONES DEL
. IMPUESTO SOBRE . LA RENTA Y . COMPLEMENTARIOS QUE CORRESPONDA A LA SOCIEDAD, Y

- TODAS. = LAS..DEMAS - DECLARACIONES QUE LA SOCIEDAD DEBA PRESENTAR ANTE DICHA

ENTIDAD, TALES - COMO LA DE VENTAS, RETENCION EN LA FUENTE, TIMBRE Y .CUALESQUIER
OTRA DECLARACION QUE POR LEY LA SOCIEDAD ESTE OBLIGADA A PRESENTAR.

B) ,PARA . PRESENTAR Y  SUSCRIBIR TODOS LOS DOCUMENTOS QUE OBLTGUEN A

*x% CONTINUA ***
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—TECNOQUIMICAS—STAT,COMC DECLARANTE DEL IMPUESTO DE INDUSTRIA Y COMERCIO Y EL

COMPLEMENTARIO DE AVISOS Y TABLEROS EN LOS MUNICIPIOS EN QUE LA SOCIEDAD ESTE
OBLIGADA AL PAGO DE LOS CITADOS IMPUESTOS, PUDIENDO IGUALMENTE NOTIFICARSE DE
TODAS LAS ACTUACIONES, ACTOS, DILIGENCIAS O GESTIONES RELACIONADAS O QUE SE
DERIVEN DE LOS MENCIONADOS TRIBUTOS. C) PARA PRESENTAR Y SUSCRIBIR TODOS LOS
DOCUMENTOS QUE OBLIGUEN A TECNOQUIMICAS S.A. COMO DECLARANTE DEL IMPUESTO

PREDIAL Y COMPLEMENTARIOS EN LOS MUNICIPIOS DONDE TENGA BIENES INMUEBLES,
PUDIENDO IGUALMENTE NOTIFICARSE DE TODAS LAS ACTUACIONES, ACTOS, DILIGENCIAS O
GESTIONES RELACIONADAS O QUE SE DERIVEN DEL CITADO IMPUESTO. D) PARA DAR
RESPUESTA A LOS REQUERIMIENTOS ORDINARIOS Y A LAS SCLICITUDES DE INFORMACION
EN RELACION CON LOS IMPUESTOS ADMINISTRADOS POR LA DIRECCION DE IMPUESTOS Y
ADUANAS NACICONALES Y POR LAS DEPENDENCIAS MUNICIPALES QUE ADMINISTREN LOS
IMPUESTOS DE CARACTER TERRITORIAL. E) Y EN GENERAL, PARA QUE ASUMA LA
PERSONERIA EN NOMBRE DE TECNOQUIMICAS S.A., SIEMPRE QUE LC ESTIME CONVENIENTE,
DE MANERA QUE EN NINGUN CASO LA A SOCIEDAD QUEDE SIN REPRESENTACION EN LOS

ASUNTOS RELACIONADOS CON LAS FACULTADES OTORGADAS. - _ - '
s RN T T TN
/ //' . 7 N, A\
; . CERTIFICA: ) ,
\ N A N L /o

~ —

QUE POR ESCRITURA NRO. “307 DEL 3i~5ﬁ JANUARY -DE 20A2//N6TARIA TERCERA DE CALTI ,
INSCRITA EN LA CAMARA _DE COMERCIO EL 13 DE -FEBRUARY DE 2002 BAJO EL NRO. 298
DEL LIBRO V MEDIANTE LA CUAL’SE‘LENCONCEPE?PODER\ESPECIQL,'AMPLIO‘Y SUFICIENTE
A JORGE ROBERTO OBANDO” RODRIGUEZ, MAYOR DE EDAD, VECINO DE ESTA CIUDAD,
IDENTIFICADO CON LA, CEDULA DE CIUDADANIA NRO. 14.960.183 DE CALI, PARA QUE EN
NOMBRE Y REPRESENTACION DE_LA SQC;EDAD,iCUYA‘BERSONERlA/OSTENTA: 1o.) PROMUEVA
O DESISTA DE ACCIONES™-ANTE CORPORACIONES“-ENTIDADES O FUNCIONARIOS DEL ORDEN
JUDICIAL O GUBERNATIVO, YA SEA EN --PROCESOS, ACTUACIONES O ACTOS SIMPLES,
DILIGENCIAS O GESTIONES EN QUE TECNOQUIMICAS S.A. TENGA INTERES COMO ACTOR,
DEMANDANDO O TERCERO INTERVINIENTE EN RELACION CON LOS ASUNTOS DE CARACTER
LABORAL, POLICIVO, PENAL O DE FISCALIA, EN QUE LA EMPRESA SEA PARTE ACTIVA O
PASIVA, CON CAPACIDAD PARA NOTIFICARSE Y CONTESTAR Y HACERSE PARTE DE ELLOS EN
NOMBRE DE TECNOQUIMICAS S.A. 20.) SUSCRIBA Y DE POR TERMINADO LOS CONTRATOS DE
TRABAJO DEL PERSONAL VINCULADO A LA EMPRESA. 30.) CONSTITUYA APODERADOS EN
DESARROLLO DE ESTA REPRESENTACION LABORAL, REVOQUE Y SUSTITUYA DICHOS PODERES
CUANDO LO ESTIME PROCEDENTE. 40.) TRANSIJA, CONCILIE, DESISTA Y COMPROMETA A
LA EMPRESA EN TODOS LOS TRAMITES ADMINISTRATIVOS Y PROCESOS JUDICIALES, DE
CARACTER LABORAL, POLICIVO, PENAL ¢ DE FISCALIA EN LOS QUE LA EMPRESA SEA

* PARTE DEMANDANTE, DEMANDADA O TERCERO INTERVINIENTE. PARAGRAFO:. LA FACULTAD

PARA :TRANSIGIR O CONCILIAR SE LIMITA A LA SUMA DE QUINIENTOS (500) SALARIOS
LEGALES MENSUALES. 50.) OTORGUE PODERES Y CONSTITUYA MANDATARIOS PARA INICIAR
LAS ACCIONES JUDICIALES DE CARACTER CIVIL, COMERCIAL ¥ PENAL TENDIENTES A LA
RECUPERACION DE LOS CREDITOS A FAVOR DE LA SOCIEDAD, BIEN SEA REPRESENTA?OS EN
FACTURAS, CHEQUES, TITULOS VALORES O CUALQUIER OTRO DOCUMENTO REPRESENTATIVO
DE <CREDITO, HASTA POR SUMA EQUIVALENTE .A QUINIENTOS (500) SALARIOS MINIMOS
LEGALES ‘MENSUALES, CON EXPRESAS FACULTADES PARA ASISTIR EN NOMBRE DE
TECNOQUIMICAS S.A. A LAS AUDIENCIAS DE CONCILIACION QUE PROGRAMEN LOS JUZGADOS,
CIVILES MUNICIPALES Y DEL CIRCUITO, CON AUTORIZACION PARA TRANSIGIR, D§§I$T¥R
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CONCILIAR O COMPROMETER A LA SOCIEDAD HASTA POR LA CUANTTA INDICADA. 6o0.
REPRESENTE A TECNOQUIMICAS S.A. DENTRO DE LOS TRAMITES DE CONCORDATOS,

PROCESOS DE REESTRUCTURACION ECONOMICA PREVISTO EN LA LEY 550 DE 1899 Y LAS
NORMAS QUE LA ADICIONEN O MODIFIQUEN Y LIQUIDACIONES OBLIGATORIAS QUE SE
. TRAMITEN . ANTE o LA SUPERINTENDENCIA DE SOCIEDADES O ANTE LAS ENTIDADES
PERTINENTES CUANDO SE TRATE DE OTRA CLASE DE ACREEDORES O ANTE LOS JUZGADOS
. 0OIVILES, CON ~EXPRESAS FACULTADES PARA TRANSIGIR, DESISTIR, CONCILIAR O
COMPROMETER, NOMBRAR APODERADOS, PRESENTAR LOS CREDITOS, APORTAR LAS PRUEBAS
JQUE ESTIME NECESARIAS, ASISTIR A LAS AUDIENCIAS PRELIMINARES Y DEFINITIVAS,
' ACORDAR FORMULAS , DE PAGO, RECIBIR Y EN GENERAL PARA EJERCER TODAS AQUELLAS
GESTIONES < NECESRRIAS PARA OBTENER EL RECONOCIMIENTC Y PAGO DE LOS CREDITOS
PRESENTADOS.. . LAS . FACULTADES AQUI ESTABLECIDAS ESTAN LIMITADAS PARA LOS
CREDITOS HASTA - POR ' CUANTIA ' DE QUINIENTOS (500} SALARIOS MINIMOS LEGALES
MENSUALES. PARAGRAFO. IGUALMENTE QUEDA FACULTADO PARA ACEPTAR Y REPRESENTAR A
TECNOQUIMICAS CUANDO LA EMPRESA SEA NOMBRADA EN JUNTA DE ACREEDORES O EN
ORGANOS EQUIVALENTES O/ SIMILARES EN LOS ”PRQCESOSK\QUE TRAMITEN ANTE LA
SUPERINTENDENCIA DE ISOCIEDADES o™ ANTE +LAS ENTIDADES\ PERTINENTES CUANDO SE
TRATE DE OTRA CLASE DE DEUDORES . 7O )| REPRESENTE A\TECNOQUIMICAS S.A. EN LOS
PROCEDIMIENTOS -DE CONCILIACION QUE LOS, DEUDORES DE/LA SOCIEDAD CONVOQUEN ANTE
LAS ENTIDADES FACULTADAS PARA- ELLO CON EL\FIN OBTENER,UN ACUERDO EN EL PAGO DE
LAS ACREENCIAS, CON EXPRESAS FACULTADES PARA TRANSIGIR DESISTIR, CONCILIAR O
COMPROMETER .Y RECIBIR'/'FACULTADES QUE' SE | LIMITAN - HASTA PCR LA SUMA DE
QUINIENTOS (500) SALARIOS MINIMOS LEGALES MENSUALES 80.) REVISE LOS
EXPEDIENTES DE- LOS (PROCESOS JUDICIALES DE CARACTER EJECUTIVO EN QUE LA
SOCIEDAD SEA PARTE \pEMANDANTE EN ]TODO EL TERRITORIO NACIONAL, PARA LA
;RECUPERACION DE 8US ., "ACREENCIAS. ,/90 ) APRUEBE Y SUSCRlBA ACUERDOS PRIVADGCS DE
PAGO Y CONCILIACIONES DE OBLIGACIONESHA FAVOR DE TECNOQUIMICAS "POR LA VENTA DE

gUS PRODUCTOS HASTA .POR LA SUMA DE (500) SALARIOS MINIMOS LEGALES MENSUALES.

N

CERTIFICA:

R ! Vo ; I

CQUE POR ESCRITURA NRO 4 202 DEL 31 DE MAY DE 1995 NOTARIA DECIMA DE CALI ,
" INSCRITA EN 1.2 CAMARA DE COMERCIO EL 24 DE SEPTEMBER DE 2003 BAJO EL NRO. 134
. DEL LIBRC -V SE CONFIERE PODER ESPECIAL A ANTONIO JAIRO RABMIREZ ECHAVE, ABOGADO
"TITULADO Y EN EJERCICIO CON TARJETA PROFESIONAL No. 58.401 DEL MINISTERIO DE
JUSTICIA, IDENTIFICADO CON LA CEDULA DE CIUDADANIA NUMERO 16.741.040 DE CALI
PARA . QUE . REPRESENTE A TECNOQUIMICAS S.A. EN LOS SIGUIENTES ACTOS: A)
VSOLICITAR Y . ADELANTAR ANTE_ EL . INSTITUTO COLOMBIANO AGROPECUARIO TODOS LOS
" TRAMITES ATINENTES' A. LA - OBTENCION DE LICENCIAS DE VENTA Y LICENCIAS DE
FUNCIONAMIENTO,\ RENQVACIONES CERTIFICACIONES, AMPLIACIONES, INSCRIPCIONES Y
MODiFICACIONES EN GENERAL; B) TODOS LOS TRAMITES ANTE EL INVIMA- ATINENTES A
LA OBTENCION DE REGISTRO SANITARIO, RENOVACION DEL MISMO, REFORMULACIONES,
ADICIONES DE NUESTRA LINEA DE PRODUCTOS, CAMBIOS DE TITULAR Y DE FABRICANTE,
CESIONES CERTIFICACIONES- DE FORMULA Y EXCLUSIVIDAD, MODIFICACIONES .DE
'FABRICAR . "y VENDER - TMPORTAR Y VENDER Y VICEVERSA, E IGUALMENTE
CERTIFICACIONES SOBRE LA LINEA COMPLETA DE NUESTROS PRODUCTOS, A CUYO OBJETO
LO FACULTO BARA‘ DAR ANTE DICHAS AUTORIDADES TODOS LOS PASOS NECESARIOS,

*%% CONTINUA **+*
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r—PRESENTAR SOLTCTITUDES, HACER DECLARACIONES, PAGAR DERECHOS, PROBAR
EXPLOTACIONES, SOLICITAR TESTIMONIOS, RECIBIR DOCUMENTOS, FORMULAR APELACIONES
Y RECLAMOS, DESISTIR Y PERCIBIR. ASTI MISMO DICHO APODERADO ESTA AUTCRIZADO

PARA HACER CUANTO FUERE NECESARIO ANTE LAS AUTORIDADES ADMINISTRATIVAS PARA
LOS FINES ARRIBA INDICADOS CON TODAS LAS 'DEMAS FACULTADES GENERALES Y
ESPECIALES QUE FUEREN NECESARIAS INCLUIDAS LAS DE SUSTITUIR Y DELEGAR EL
PRESENTE- PCDER SI LO ESTIMARE CONVENIENTE Y EN CASO NECESARIO REVOCAR DICHAS
SUSTITUCIONES. PUDIENDO ATENDER ASI MISMO LAS NOTIFICACIONES QUE DIRECTA O
INDIRECTAMENTE SE GENERE DE - LOS ACTOS, ACTUACIONES, DILIGENCIAS O GESTIONES
QUE TENGAN RELACION DE CAUSALIDAD POR LOS SUSODICHOS TRAMITES Y 3} EN
GENERAL PARA QUE ASUMA LA PERSONERIA EN NOMBRE DE TECNOQUIMICAS S.A., SIEMPRE
QUE LO ESTIME CONVENIENTE, DE MANERA QUE EN NINGUN CASO QUEDE SIN LA DEBIDA
REPRESENTACION ° EN LA SALVAGUARDIA DE SUS DERECHOS Y OBLIGACIONES EN LOS
ASUNTOS CONCERNIENTES PARA LAS MATERIAS DE. QUE TRATA ESTE PODER. ANTONIO
JAIRO RAMIREZ ECHAVE SE CENIRA RIGUROSAMENTE A LOS TERMINOS EXPRESADOS EN ESTE
MANDATO QUE SE OTORGA _.POR " TERMINO INDEFINIDO Y CUALQUIER MODIFICACION O SU

REVOCATORIA SE HARA — 'EXPRESAMENEE:”“"POR\\ “\ESCRITURA PUBLICA.
J Vi _ B ‘ \ ’ '
“\ \\ / /
\\\ . _ CERTIFICA T

QUE POR ESCRITURA NRO.. 6224 \DEL 15 DE DECEMBER DE 2004 NOTARIA TERCERA DE
CALI , INSCRITA EN EA/CAMARA DE COMERCIOZEL'17 DE-JANUARY DE 2005 BAJO EL NRO.

3 DEL LIBRO V MEDIANTE LA CUAL CONCEDE PODER‘\ESPECIAL PERO AMPLIO Y
SUFICIENTE A DIEGO PEREZ MENDOZA MAYOR DE EDAD, VECINO DE BOGOTA, IDENTIFICADO
CON CEDULA- DE CIUDADANIA\NUMERO 1&z ‘820. 530 DE CALI»/COMO SU REPRESENTANTE CON
PODER ESPECIAL, AMPLIO. Y SUFICIENTE "PARA REALIZAR TODOS LOS TRAMITES
RELACIONADOS CON EL PROCEDIMIENTO DE- OTORGAMIENTO DE LICENCIA DE VENTA DE LOS
PRODUCTOS AGRICOLAS DE LA SOCIEDAD, CON FACULTAD PARA FIRMAR TODC TIPO DE
DOCUMENTOS, SOLICITUDES, REQUERIMIENTOS, MEMORIALES RESPUESTAS, ACLARACIONES
BIEN SEA ANTE EL INSTITUTO COLOMBIANQ AGROPECUARIC ICA, MINISTERIO DEL MEDIO
AMBIENTE, MINISTERIO DE PROTECCION SOCIAL o ANTE LAS AUTORIDADES
GUBERNAMENTALES COMPETENTES EN LO RELACIONADO CON LOS TRAMITES QUE PERMITAN LA
COMERCIALIZACION DE ESE TIPO DE PRODUCTOS. LA FACULTAD TAMBIEN COMPRENDERA LA

DE NOTIFICARSE, RESPONDER E INTERPONER RECURSOS DE TODPO TIPO DE ACTO
ADMINISTRATIVO. EL APODERADO SUSCRIBIRA TODOS LOS DOCUMENTOS Y REALIZAR TODOS
LOS ACTOS QUE OBLIGUEN A LA SOCIEDAD ANTE LAS AUTORIDADES MENCIONADAS,
PUDIENDO TGUALMENTE NOCTIFICARSE DE TODAS LAS ACTUACIONES, ACTOS
ADMINISTRATIVOS, DILIGENCIAS O GESTIONES RELACIONADAS O QUE SE DERIVEN DE
DICHA ACTIVIDAD Y EN GENERAL, PARA QUE ASUMA LA PERSONERIA A NOMBRE DE

TECNOQUIMICAS S.A., SIEMPRE QUE LO ESTIME CONVENIENTE, DE MANERA QUE EN NINGUN

CASO QUEDE SIN LA DEBIDA REPRESENTACION EN LA SALVAGUARDIA DE SUS DERECHOS Y
CUMPLIMIENTO DE OBLIGACIONES EN LOS ASUNTOS CONCERNTIENTES PARA LAS MATERIAS DE
QUE TRATA ESTE PODER. EL APODERADO SE CE?IRA RIGUROSAMENTE A LOS TERMINOS
EXPRESADOS EN ESTE MANDATO QUE SE OTORGA POR TERMINO INDEFINIDO Y CUALQUIER
MODIFICACION O REVOCATORIA SE HARA EXPRESAMENTE POR ESCRITURA PUBLICA. ¥
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CERTIFICA:

QUE - POR ESCRITURA NRO. 4265 DEL 16 DE SEPTEMBER DE 2005 NOTARIA TERCERA DE .
CALI‘ , INSCRITA .EN LA CAMARA DE COMERCIO EL 04 DE OCTOBER DE 2005 BAJO EL NRO.

168 DEL LIBRO_ V EL SE?O0R JUAN BAUTISTA DE LOS RIOS GUTIERREZ MAYOR DE EDAD,

- DOMICILIADO. EN. CALI, IDENTIFICADO CON LA CEDULA DE CIUDADANIA NUMERO 17108621
DE BOGOTA, QUIEN ACTUA EN 8U CALIDAD DE REPRESENTANTE LEGAL DE TECNOQUIMICAS S.

A. SOCIEDAD COMERCIAL ORGANIZADA Y EXTSTENTE CONFORME A LAS LEYES COLOMBIANAS,

CON. DOMICILIO Y SEDE .PRINCIPAL EN CALI. EN DICHA CONDICION CONFIERE PODER
AMPLIO Y "SUFICIENTE A LAS SIGUIENTES PERSONAS : CLAUDETTE VERNOT HERNANDEZ
ABOGADA TITULADA Y EN EJERCICIO, IDENTIFICADA CON LA CEDULA DE CIUDADANIA NoO.
51722517 DE BOGOTA, PORTADORA DE LA TARJETA PROFESIONAL DE ABOGADO No. 57111
'DEL C.s. DE LA J., ANDRES FELIPE ZAPATA OCAMPO, IDENTIFICADC CON LA CEDULA DE

'CIUDADANIA NO 79598546 DE BOGOTA, PORTADOR DE LA TARJETA PROFESIONAL DE
ABOGADO No. 107240 DEL . S *;DE La J. Y JUAN MANUEL SERRANO CASTILLO,

IDENTIFICADO CON LA CEDULA _DE_ CIUDADANIé/NO 79875619 DE BOGOTA, PORTADOR DE
LA TARJETA PROFESIONAL /DE ABOGADO NO 47124953 DE C\S. DE LA J.,. TODOS CON
DOMICILIO EN LA CIUDAD DE BOGOTA, D.C. PARA QUE EN' NOMBRE DE MI REPRESENTADA
ACTUEN EN TODOS LOS ASUNTOS DE PROPIEDAD INTELECTUAL Y 1.08 DERIVADOS DE ELLA,

CON FACULTAD PARA RECIBIR‘ NOTIFICACIONES" NOMBRAR APODERADOS JUDICIALES O
EXTRAJUDICIALES EN ESTOS ASUNTOS : -

, . . // \\ //” el

EL PRESENTE PODER SE CONFIERE PARA QUE/LOS APODERADOS ACTUEN. ANTE CUALQUIER
PERSONA ﬁ*d "AUTORIDAD (ADMINISTRATIVA ‘ .DEL ORDEN ' NACIONAL, DEPARTAMENTAL,

DISTRITAL : Y © LOCAL ANTE ‘LAS AUTORIQ@DES CONTENCIOSO ADMINISTRATIVAS Y
JUDICIALES, PARA OBTENER LA“#PROTECCION\\DE ﬂNUESTRA,/PROPIEDAD INTELECTUAL Y
CONTRA \LAS PRACTICAS RESTRICTIVAS DE LAL‘COMPETENCIA Y LOS ASUNTOS DE
COMPETENCIA -~ DESLEAL, A CUYO EFECTO LA AUTORIZO EN TODO LO CONCERNIENTE A LOS
SIGUIENTES ASUNTOS: A)- OBTENCION DE PATENTES DE INVENCION, DE MODELOC DE
UTILIDAD,V ESQUEMAS ‘'DE  TRAZADCS DE CIRCUITOS INTEGRADOS, DISE?0S INDUSTRIALES,

EL REGISTRO DE MARCAS DE PRODUCTOS O SERVICIOS; LEMAS COMERCIALES; DEPOSITO DE
NOMBRES.‘Y'AENSE?AS COMERCIALES INDICACIONES GEOGRAFICAS; RENOVACION DE SIGNOS
DISTINTIVOS, RENOVACIONES, AFECTACIONES Al REGISTRO, INSCRIPCION DE CONTRATOS,

SOLICITUD ©Y + RENOVACION.. DE NOMBRES DE DOMINIO; B) PRESENTACION 'DE OPOSICIONES
AL REGISTRO DE “MARCAS KDE + TERCERO, PRESENTACION DE ARLEGATOS EN DEFENSA DE
OPOSICIONES AL REGISTRO - ACCION DE CANCELACION, ACCION POR . INFRACCION DE
DERECHOS, M‘REVOCATORIA " DIRECTA, ACCION DE NULIDAD, ACC:ON DE NULIDAD Y
‘RESTABLEbIMIENTO DEL = DERECHO, ACCION REIVINDICATORIA, ACCICNES DE TUTELA

POPULARES, DE GRUPO, DE CLASE; ACCIONES Y PROCESOS QUE PROMOVAMOS 0 SE NOS
PROMUEVAN ; C) AGOTAMIENTO ©DE LA VIA GUBERNATIVA, EJERCICIO DEL DERECHO DE
PETICION ANTE CUALQUIER PERSONA O AUTORIDAD; D) SOLICITUD DE MEDIDAS
CAUTELARES . PRESENTACION ‘DE ACCIONES MEDIANTE PROCESOS CIVILES, PENALES,

ADMINISTRATIVOS O . CONTENCIOSO ADMINISTRATIVOS RELACIONADOS CON ESTOS DERECHOS
U - OTROS, DE DIFERENTE NATURALEZA MEDIDAS EN FRONTERA, ACCIONES Y PROCESOS QUE
PROMOVAMOS © 'SE .NOS 'PROMUEVAN; E) OBTENER Y TRAMITAR TODO LO RELACIONADO 'CON
EL RECONOCIMIENTO DE DERECHOS DE AUTOR, DERECHOS CONEXOS Y NUEVAS TECNOLOGIAS
Y SU PROTECCION LEGAL; F) SOLICITUD DE REGISTRO Y RENOVACICON DE CONTRATOS DE
TRANSFERENCIA DE TECNOLOGIA; G) OBTENER Y TRAMITAR TODO LO RELACIONADO CON
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_ DE FUNCIONAMIENTO, = REGISTROS  SANITARIOS, AUTORIZACION DE
CERTIFICADOS DE LIBRE VENTA, AUTORIZACION DE PUBLICIDAD ANTE EL MINISTERIO DE
PROTECCION SOCIAL O EL INVIMA O ANTE CUALQUIER AUTORIDAD SANITARIA; H)
OBTENCION DE  CERTIFICADOS DE  CARENCIA DE- INFORMES POR TRAFICO DE
ESTUPEFACIENTES. RENOVACIONES, AUTORIZACIONES EXTRAORDINARIAS ANTE LA DIRECCION

NACIONAL DE ' ESTUPEFACIENTES O EL CONSEJO NACIONAL DE ESTUPEFACIENTES; I)
SOLICITUD DE AUTORIZACIONES 'PARA PROMOCIONES, RIFAS Y JUEGOS ANTE ETESA O ANTE
LAS AUTORIDADES COMPETENTES DEL ORDEN LOCAL, DISTRITAL O DEPARTAMENTAL; Y EN
GENERAL CUALQUILERA OTRA PETICION ANTE LAS AUTORIDADES ADMINISTRATIVA, ASI COMO
PARA NOTIFICARSE DE CUALQUIER PROVIDENCIA Y RENUNCIAR A TERMINOS. EN TODOS LOS
ASUNTOS ARRIBA DETERMINADOS LA APODERADA QUEDA FACULTADA PARA SUSTITUIR TOTAL
O  PARCIALMENTE ESTE MANDATO, TRANSIGIR, CONCILIAR EXTRAJUDICIAL O

JUDICIALMENTE, ADMITIR LOS HECHOS DEL PROCESO PERO NO PARA CONFESAR, DESISTIR,
CANCELAR, RECIBIR, RENUNCIAR Y RATIFICAR LOS ACTOS DE AGENTES OFICIOSOS.

_/> . - - T~

.

- " -ICERTIFICK: "~ "~
Fay ERTIFIC N

; . X s ’ )
QUE POR DOCUMENTO PRIVADO DEL 22 DE MAY DE 2008 DE QALI/,INSCRITA EN LA CAMARA
DE COMERCIO EL 04 DE.JUNE.DE 2008.-BAJO EL;NRO. 20 DEL LIBRO V SE CONCEDE PODER
ESPECIAL, AMPLIO Y SUFICIENTE A LOS SIGUIENTES. FUNCIONARIOS DE LA EMPRESA :

.
- -
s

1. ANA MAR?PA ?LVAREZ R., -CON C:Gx 31.1702896 DE CALI Y JORGE ENRIQUE GIRALDO,
CON C.C. 16.784.794  DE/ CALI, OBRARAN ‘COMO APODERADOS ESPECIALES PARA EL
DESARROLLO DE LAS SIGUIENTES FACULTADES : S

N N e N e

\\ el . ,// . ' \\\ . L
A. SUSCRIBIR LOS CONTRATOS DE.~TRABAJO, “SUS MODIFICACIONES Y DARLOS POR
TERMINADO DEL PERSONAL VINCULADO O QUE-SE VINCULE A TECNOQU?MICAS S.A.

B. COMPARECER 'DIRECTAMENTE U OTORGAR PODER PARA ATENDER RECLAMACIONES Y
PROCESOS DE ORDEN LABORAL BIEN SEA DE CAR?CTER ADMINISTRATIVO O JUDICIAL ANTE
LAS OFICINAS REGIONALES DE TRABAJO, MINISTERIO DE LA PROTECCI?N SOCIAL Y ANTE
CUALQUIER OTRA AUTORIDAD O ENTIDAD ANTE LA QUE SE INICIE Y TRAMITE
PROCEDIMIENTOS DE CAR?CTER LABORAL C RELACIONADOS CON TEMAS DE LA SEGURIDAD
SOCIAL.

C. FIRMAR TODOS LOS DOCUMENTOS Y ATENDER TODOS LOS TR?MITES ANTE LAS CAJAS DE
COMPENSACI?N FAMILIAR, EMPRESAS PRESTADORAS DE SERVICIOS DE SALUD (EPS),
FONDOS DE PENSIONES Y CESANT?AS, ADMINISTRADORA DE RIESGOS PROFESIONALES (
ARP}, INSTITUTO DE LOS SEGUROS SOCIALES (ISS). ESTA FACULTAD TAMBI?N COMPRENDE
LA DESIGNACI?N DE APODERADOS.

D."  ASISTIR EN NOMBRE DE LA SOCIEDAD' A LAS AUDIENCIAS DE CONCILIACI?N,
DECLARACIONES DE PARTE Y RENDICI?N DE TESTIMONIOS DENTRO DE LOS PROCESCS' DE LA
JURISDICCI?N LABORAL Y TR?MITES ADMINISTRATIVOS, CUANDO ELLO SEA REQUERIDO.

E. RESPONDER LAS DEMANDAS DE TUTELA DIRECTAMENTE O A TRAV?S DE APODERADO
ESPECIAL. o
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G. SUSCRIBIR 1LOS CONTRATOS DE TODC TIPO CON ENTIDADES EDUCATIVAS DE TODO
ORDEN, SIN LIMITACI°N DE CUANT?A.

H. SUSCRIBIR " LOS DOCUMENTOS Y ESCRITURAS DE DONACI?N QUE SEAN AUTORIZADAS POR
1A JUNTA DIRECTIVA, SIN LIMITACI?N ALGUNA.

I. SUSCRIBIR TODOS LOS CONTRATOS DE CONSTRUCCI?N, TINSTALACI?N, SERVICIOS.
REPARACIONES Y ADECUACIONES OQUE SE REBLICEN Y PRESTEN EN LA PLANTA Y SEDE
 ADMINISTRATIVA DE TECNOQU?MICAS g.A. LOCALIZADAS EN CALI, HASTA POR LA SUMA
EQUIVALENTE. A TRESCTIENTOS (300} SALARIOS M?NIMOS LEGALES MENSUALES, DARLOS POR
TERMINADO POR CUALQUIER CAUSA, PRESENTAR RECLAMOS ~ANTE LAS COMPA??AS
ASEGURADORAS, EXIGIR EL PAGO DE MULTAS E TNDEMNTZACIONES DE CUALQUIER TIPO QUE
EST?N PACTADAS EN LOS RESPECTIVOS CONTRATOS Y EL CUMPLIMIENTO DE ELLOS.

J. ANTE EL MINISTERIO/DEL MEDIO AMBIENTE Y;ORGANISMOS\DE CONTROL AMBIENTAL DEL
ORDEN - NACIONAL, DEPARTAMENTAL Y MUNICIPAL O DISTRITAL‘ FORMULAR SOLICITUDES,
SUSCRIBIR TODOS LOS KDOCUMENTOS QUE SE REQUIERAN PRESENTAR, RENDIR
DECLARACIONES, NOTIFICARSE 'DIRECTAMENTE. O_ POR MEDIO/DE APODERADO EN TODOS LOS
TR?MITES QUE LA SOCIEDAD TECNOQUIMICAS \S A. REQUIERA ADELANTAR ANTE LA
ENTIDAD, AS? COMO DESIGNAR APODERADOS PARA INICIAR O RESPONDER PROCESOS DE
CAR’CTER JUDICIAL o GUBERNATIVO . o

o et S S
K. . FORMULAR - PETICIONES .RELACTONADAS CON LAS FACULTADES OTORGADAS ANTE
CUALQUIER AUTORIDAD. N 4 . )

~— - ,,‘/~ . \Q L P //

PAR?GRAFO. 1. EN. LA ATENCI’N “DE TODOS  LOS- . ASUNTOS MENCIONADOS TENDR? LA
FACULTAD DE DESIGNAR APODERADOS DARA INICIAR, RESPONDER REQUERIMIENTOS O
DEMANDAS, O ~HACERSE ' PARTE . EN PROCESOS DE CAR?CTER JUDICIAL, GUBERNATIVO,
.TRIBUNALES DE ARBITRAMENTO 'y RECLAMOS ANTE LAS COMPA??AS ASEGURADORAS.

'PAR?GRAFO Ii' LOS APODERADOS EJERCER?N §SUS FUNCIONES DE MANERA INDIVIDUAL Y
SIN ORDEN DE PRELACI?N. ' ’

72. JORGE ENRIQUE ARIZA BERNAL, IDENTIFICADO CON LA C?DULA DE CIUDADAN?A NG-.
19.494". 493 DE BOGOT'> PARA EL- EJERCICIO DE LAS SIGUIENTES FACULTADES

A. ANTE BT, MINISTERIQ DEL MEDTIO AMBIENTE: FORMULAR SOLICITUDES, SUSCRIBIR
TODOS  LOS  DOCUMENTOS QUE SE REQUIERAN PRESENTAR, RENDIR DECLARACIONES,
NOTIFICARSE DIRECTAMENTE O POR MEDIO DE APODERADO, EN TODOS LOS TR?MITES QUE
LA SOCIEDAD . TECNOQU7MICAS S.A. REOUIERA ADELANTAR ANTE LA ENTIDAD, AS? COMO
DESTGNAR APODERADOS | PARA  INICIAR O RESPONDER PROCESOS DE CAR?CTER 'JUDICIAL O
GUBERNATIVO e ' - Lo ' A

B. ANTE LA SUPERINTENDENCIA DE VIGTLANCIA: FORMULAR SOLICITUDES, SUSCRIBIR
TODOS -LOS DOCUMENTOS:- QUE SE REQUIERAN PRESENTAR, OTORGAR PODERES, RENDIR
. DECLARACTONES ATENDER  VISITAS, FIRMAR LAS ACTAS  CORRESPONDIENTES Y
. NOTIFICARSE DIRECTAMENTE O POR MEDIO DE APODERADO, EN TODOS LOS TR?MITES QUE
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—EA—SOCTEDAD-TECNOQU?MTCAS S.A. REQUIERA

ADELANTAR ANTE LA ENTIDAD, AS? COMO DESIGNAR APODERADOS PARA INICIAR O
RESPONDER PROCESOS DE CAR?CTER JUDICIAL O GUBERNATIVO.

C. ANTE EL, FONDO NACIONAL DE ESTUPEFACIENTES Y DIRECCI?N NACIONAL DE
ESTUPEFACIENTES FORMULAR SOLICITUDES, SUSCRIBIR TODOS LOS DOCUMENTOS QUE SE
REQUIERAN PRESENTAR, RENDIR DECLARACIONES, NOTIFICARSE DIRECTAMENTE O POR
MEDIO DE APODERADO, EN TODOS LOS TR?MITES QUE LA SOCIEDAD TECNOQU?MICAS S.A.
REQUIERA ADELANTAR ANTE LAS CITADAS ENTIDADES, SUSCRIBIR LAS ACTAS DE VISITA,
Y DESIGNAR APODERADOS PARA NOTIFICARSE DE ACTOS ADMINISTRATIVOS, INICIAR O
RESPONDER PRCCESOS DE CAR?CTER JUDICIAL O ADMINISTRATIVO DE CUALQUIER ORDEN.

D. EN TODO LO RELACIONADO CON LOS TR?MITES DE IMPORTACIONES Y EXPORTACIONES,
SEG?N SE TINDICA:

I. OTORGAR PODERES Y SUSCRIBIR TODOS! LOS ~DOCUMENTOS QUE SE PRESENTEN Y
TRAMITEN ANTE LAS ADMINISTRACIONES DE ADUANAS DE_LA DIRECCI°N DE IMPUESTOS Y
ADUANAS - DIAN - AS? COMO RENDIR DECLARACIONES ATENDER\VISITAS E INSPECCIONES
Y FIRMAS LAS CORRESPONDIENTES ACTAS ATENDER DIRECTAMENTE, CUANDO ELLO SEA
REQUERIDO Y EN GENERAL ~OBRAR COMO APODERADO ESPECIAL ANTE 'LAS AUTORIDADES
ADUANERAS EN TODAS LAS OPERACIONES” RELACIONADAS CON EL COMERCIO EXTERIOR.

II. OTORGAR PODERES ,¥ SUSCRIBIR\\TODOS/CLOS DOCUMENTOS QUE 'SE PRESENTEN Y
TRAMITEN ANTE LAS SOCIEDADES PORTUARIAS DE BUENAVENTURA CARTAGENA Y

BARRANQUILLA, AS? COMO | RESPONDER Y ATENDER LOS TR?MITES DIRECTAMENTE O A
TRAV?S DE APODERADOS. N ™ S N S :
~ - . // . ] \.\\: — - ) -

III- OTORGAR PODERES ESPECIALES Y -GENERALES, OTORGAR GARANT?AS Y SUSCRIBIR
TODOS LOS DOCUMENTOS QUE SE PRESENTEN Y TRAMITEN ANTE LAS NAVIERAS Y EMPRESAS
ADMINISTRADORAS DE CONTENEDORES PARA EL MANEJO Y RETIRO DE ELLOS.

IvV. OTORGAR PODERES ESPECIALES Y GENERALES A LAS SQCIEDADES DE INTERMEDIACI?N
ADUANERA - SIA- Y SUSCRIBIR TODOS LOS DOCUMENTOS QUE ' SE PRESENTEN Y TRAMITEN
DE ACUERDA CON LA NORMATIVIDAD LEGAL SOBRE LA MATERIA.

V. SUSCRIBIR LAS CARTAS DE ANTINARC?TICOS QUE SE PRESENTAN ANTE LA POLIC?A
AEROPORTUARIA BIEN DIRECTAMENTE O AUTORIZANDO A LOS JEFES DE BODEGA DE YUMBC Y
JAMUND? PARA ESE TR?MITE DOCUMENTOS DENTRO DE LOS TR?MITES DE EXPORTACIONES O
"REEMBARQUES DE MERCANC?AS, Y EN GENERAL ATENDER TODAS LAS DILIGENCIAS
DIRECTAMENTE U OTORGAR PODER AUN TERCERO.
D. SUSCRIBIR CONTRATOS DE CONSTRUCCI?N Y DE OBRA QUE SE REALICEN Y PRESTEN EN
LAS PLANTAS DE TECNOQU?MICAS S.A. LOCALIZADAS EN JAMUND?, YUMBO Y VILLA RICA
(DEPARTAMENTO DEL CAUCA EN EL CONJUNTO INDUSTRIAL PARQUESUR) HASTA POR LA SUMA
EQUIVALENTE A TRESCIENTOS (300) SALARIOS M?NIMOS LEGALES MENSUALES.

E. SUSCRIBIR CONTRATOS, SIN LIMITACI?N DE CUANT?A QUE TENGA QUE VER CON LA
ADQUISTICI®?N DE EQUIPC Y MAQUINARIA, REPARACI?N, ADECUACI?N, INSTALACI’N
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SERVICIOS T°CNICOS Y DE ASESOR?A.

E. SUSCRIBIR CONTRATOS DE FABRICACI?N CON TERCEROS BIEN SEA QUE TECNOQU?MICAS
OBRE COMO FABRICANTE O COMO PROPIETARIO.

PARAGRAFO. . EN.- LA ATENCI?N DE TODOS LOS ASUNTOS MENCIONADOS TENDR? LA FACULTAD
DE DESIGNAR APODERADOS PARA INICIAR, RESPONDER REQUERIMIENTOS O DEMANDAS, O
HACERSE PARTE EN PROCESOS DE CAR?CTER JUDICIAL O ADMINISTRATIVO DE CUALQUIER
ORDEN.

3. MAR°A TERESA CA?0N DE GUZMAN, IDENTIFICADA CON LA C?DULA DE CIUDADAN?A NO.
31.238. 104‘ DE CALI CARLOS ARTURC PE?A NIETO IDENTIFICADO CON LA ,C?DULA DE
,CIUDADAN’A NO 19.483.439 DE BOGOT° Y ?NGELA MAR?A- CORREA CARDONA IDENTIFICADA
CON 'LA C°DULA DE CIUDADAN?A NO. 66.835.555 DE CALIL, LA PRIMERA COMO PRINCIPAL,
EL SEGUNDO COMO PRIMER SUPLENTE Y LA TERCERA COMO SEGUNDA SUPLENTE, PARA QUE
REPRESENTEN- A- TECNOQU’MICAS S.A. EN i P _— .

// \ s BN \\
A, EN TODOS - LGOS ASUNTOé CAMBIARIOS, CON FACULTAD PARA FIRMAR DECLARACIONES DE
CAMBIOS SEA POR CRoDITOS EN MONEDA EXTRANJERA POR' MOVIMIENTOS DE LA CUENTAS
CORRIENTES DE: COMPENSACI’N'“,/IMPORTACIONES "DE //BIENES Y SERVICIOS,
TRANSFERENCIAS 'Y OTROS CONCEPTOS REGISTRO DE PR?STAMOS EN MONEDA EXTRANJERA
OTORGADOS A LA EMPRESA ENﬂNSU\ CONDICIZN ‘DE  RESIDENTE Y TODOS AQUELLOS
DOCUMENTOS, DECLARACIONES//b RESPUESTAS AJEEQUERIMlENTOS QUE DEBAN HACERSE ANTE
EL BANCO DE LA REP”BLICA U OTRAS ENTIDADES GUBERNAMENTALES RESPECTO DE
OPERACIONE& EN EL MERCADO\CAMBIARIO A ; N ‘/’ ‘
| A N w0 S ,
LOS APODERADOSw SUSCRIBIR’N TODOS LOS DOCUMENTOS Y RhALIZAR TODOS LOS ACTOS QUE
OBLIGUEN. A ' LA. SOCIEDAD ANTE LAS AUTORIDADES CAMBIARIAS, PUDIENDO IGUALMENTE
NOTIFICARSE DE TODAS: LAS ACTUACIONES, ACTOS ADMINISTRATIVOS, DILIGENCIAS O
GESTIONES RELACIONADAS O QUE SE DERIVEN DE DICHA ACTIVIDAD Y EN GENERAL, PARA
QUE ASUMAN -LA PERSONER?A A NOMBRE DE TECNOQU?MICAS S5.A. BIEN SEA DIRECTAMENTE
© A TRAV?S DE APODERADO, SIEMPRE QUE LO ESTIMEN CONVENIENTE DE MANERA QUE EN
NING?N .. CASO QUEDE SIN LA DEBIDA REPRESENTACI?N EN LA SALVAGUARDIA DE SUS
DERECHOS -Y CUMPLIMIENTC DE OBLIGACIONES DE CAR?CTER CAMBIARIO Y EN LOS ASUNTOS
CONCERNIENTES PARA LAS- MATERTIAS DE QUE TRATA ESTE PODER.

B. EN RELACI?N'CON SECTOR FINANCIERO:
T SUSCRIBIR. . LOS  CONTRATOS DE CR?DITO Y LEASING CON LOS BANCOS, ENTIDADES

_FPINANCIERAS,"” COMPA??AS DE - PINANCIAMIENTO COMERCIAL, DE ACUERDO CON.LOS CUPOS
FIJADOS = POR LA JUNTA DIRECTIVA, AS? COMO LOS PAGAR?S, 1LOS CONTRATOS DE
GARANT?A PRENDAR?A E HIPOTECARIA, LA CONFIRMACI?N DE FORWARDS Y TODOS LOS
DEM?S DOCUMENTOS QUE SEAN REQUERIDOS PARA LA CULMINACI?N Y FORMALIZACI?N DE
ESTOS TR?MITES. T o

ESTAS FACULTADES IGUALMENTE APLICAN . PARA TODOS LOS CR?DITOS QUE OTORGUE EL
BANCO DE COMERCIO EXTERIOR DE COLOMBIA - BANCOLDEX. '
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-——TTT“‘SUSCRTBTR_—EOS——FORMATOS Y CONTRATOS DE APERTURAS DE CUENTAS CORRIENTES,

AHORROS, " SERVICIOS DE BANCA VIRTUAL, LOS FORMATOS DE PROVEEDORES PARA PAGOS
POR - TRANSFERENCIA ELECTR?NICA Y LOS FORMULADOS ©?NICOS DE CONOCIMIENTC DE
PERSONA JUR?DICA QUE EXIGE EL SECTOR FINANCIERO.

III. SUSCRIBIR LAS LETRAS DE COBRANZA Y LAS CARTAS DE CR?DITO.

C. SOLICITAR TIDIS Y FIRMAR TODOS LOS K DOCUMENTOS RELACIONADOS CON ESTE
TR?MITE.

L. EN RELACI?N CON LA COMPA??AS ASEGURADORAS:

I. SUSCRIBIR DOCUMENTOS DE RECLAMACI?N Y OTCRGAR PODERES PARA QUE COMPAREZCAN
A TLAS AUDIENCIAS DE RECLAMACIONES, AS? COMO LOS DOCUMENTOS DE TRANSACCI?N,.
ESTAS FACULTADES SE OTORGAN SIN LIMITACI?N DE CUANT?A. ’

II. SUSCRIBIR LAS CARTAS- DE NGRRECLAM§CE?N A LAS COMPA??AS ASEGURADORAS POR
OCURRENCIA DE SINIESTROS Y LAS RESPECTIVAS CONSTANCIAS. \

. N \, J
III. .SUSCRIBIR LOS chUMENTps REQUERTDOS%“POR EL7$ISTE¥A/DE INFORMACI?N PARA LA
PREVENCI?N DE LAVADC DE ACTIVOS  (STPLA) . ST :

.

E. FORMULAR PETICIONES, RELACIONADAS:CON LAS;?ACULTAnag OTORGADAS .
4/ / =Y rd \ .

PAR?GRAFO 1. EN L&, AT@NCI?N DE TODOS LOS ASUNTOS MENCIONADOS TENDR? LA
FACULTAD DE DESIGNAR. APODERADOS _PARA INICIAR, RESPONDER REQUERIMIENTOS O
DEMANDAS, O HACERSE PARTE. EN PROCESOS DE CAR?GTER JUDICIAL O GUBERNATIVO.

PAR?GRAFC II. LOS APODERADOS EJERCER?N SUS-FUNCIONES DE MANERA INDIVIDUAL Y
SIN ORDEN DE PRELACI?N. . S N

4, ADRIANA JIM?NEZ MERA, IDENTIFICADA CON LA C.C. 31.174.077 DE PALMIRA, PARA
EL DESARROLLO DE LAS SIGUIENTES FUNCIONES:

A. OTORGAR PODER Y CONSTITUIR MANDATARIOS PARA INICIAR LAS ACCIONES CIVILES,
COMERCTIALES Y PENALES TENDIENTES A LA RECUPERACI?N DE LA CARTERA, SIN
LIMITACION DE CUANT?A, CON EXPRESAS FACULTADES PARA ASISTIR EN NOMBRE DE LA
SOCIEDAD A LAS AUDIENCIAS DE CONCILIACI?N, CON AUTORIZACI?N PARA TRANSIGIR,
- DESISTIR, {CONCILIAR O COMPROMETER A LA SOCIEDAD EN TODOS LOS PROCESOS,
GESTIONES JUDICIALES, ADMINISTRATIVAS O RECLAMACIONES EXTRA PROCESO EN QUE
INTERVENGA EN ASUNTOS RELACIONADOS CON LAS DEUDAS A FAVOR DE TECNOQU?MICAS S.
A, .

B. SUSCRIBIR LOS CONTRATOS DE ARRENDAMIENTO DE INMUEBLES, SU MODIFICACI?N Y O
TERMINACT?N, INVENTARIOS Y ANEXOS PERTINENTES, BIEN SEA QUE LA SOCIEDAD OBRE
COMO ARRENDADOR O ARRENDATARIO, SIN LIMITACI?N DE CUANT?A. ESTA FUNCI?N LA
PODR? EJERCER DIRECTAMENTE O MEDIANTE LA DESIGNACI?N DE APODERADOS.
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C. SUSCRIBIR 1,08 FORMATOS DE AUTCRIZACI?N DE CREACI?N DE CLIENTES Y
" PROVEEDORES DE LA~EMPRESA.

D. EN RELACI7N CON LOS VEH?CULOS DE TCDO TIPO QUE FIGUREN A NOMERE DE
TECNOQU°MICAS TIENE LA FACULTAD DE SUSCRIBIR LOS FORMULARIOS OFICIALES PARA
"TODO TIPCO DE TRAMITE, ENTRE ELLOS EL TRASPASO, QUE SE REQUIERA REALIZAR, ANTE
LAS SECRETARIAS DE TRANSITO Y ANTE LAS AUTORIDADES DE TRANSITO Y TRANSPORTE DE
CUALQUIER ' ORDEN, AS? COMO FIRMAR TODO TIPO DE CONTRATOS RELACIONADOS CON LOS
VEH°CULOS

PAR°GRAFOi EN“ LA ATENCI?N DE TODOS LOS ASUNTOS MENCIONADOS TENDR? LA FACULTAD
DE DESIGNAR APODERADOS PARA INICIAR, RESPONDER REQUERIMIENTOS O DEMANDAS, O
HACERSE ' PARTE EN PROCESOS DE CAR?CTER JUDICIAL C ADMINISTRATIVC DE CUALQUIER
LORDEN. -7 .

7

ESTOS PODERES ESTAR’N/’VIGENTES HASTA TANTO QéAN\\REVOCADOS 0O MODIFICADOS

. ) ;

EXPRESAMENTE. : POR N DOCUMENTO AN PRIVADO.
B : N .
‘ [ I ‘> \‘j\"", \ \\'-\1\__‘ o 4),4// \\\4‘ 1/ ’/'
: v o ‘~4~*/CERTIFICA43 - L
. CAPITAL AUTORIZADO $21¢200 ooo ooQQ; o T
NUMERO DE ACCIONES: sg,4op/boo ‘ Ay Iz ~.
. VALOR NOMINAL: $500 { (0 ;
. CAPITAL SUSCRITO: $27}{23 804,000 s S
NUMERO DE ACCIONES: 54, 24z\§08~u—j‘/f N 7 )
VALOR NOMINAL: $500 T e
‘CAPITAL -PAGADO: 527,123,804, 000
NUMERO DE ACCIONES: 54,247,608
_ VALOR' NOMINAL: ssoo '
‘ .
T e - CERTIFICA:

QUEL- POR DOCUMENTO PRIVADO DEL 17 DE NOVIEMBRE DE 2005 INSCRITO EN LA CAMARA
DE COMERCIO EL 23 DE NOVIEMBRE DE 2005 BAJO EL NRO. 13.158 DEL LIBRO' IX, EN LA
- CUAL CONSTA LA SITUACION PE CONTROL EJERCIDA PCR TECNOQUIMICAS S5.A.

I
ot TR [

‘CONTROLANTE TECNOQUIMICAS S A
DOMICILIO: CALI '
NACIONALIDAD: COLOMBIANA
N . b
"CONTROLADA INDUGRAFICAS S.A.
”‘DOMICILIO CALT - :
NACIONALIDAD COLOMBIANA

¢‘ACTIViDAD:w LAS ACTIVIDADES DE INDUGRAFICAS S.A. CORRESPONDEN AL DESARROLLO DE
P ('r‘.‘_ 0o A-f).';:_.v P T .
o T v . hEE CONTINUA * ok x
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—NEGOCTOS—RELACTONADOS— CON LAS ARTES GRAFICAS, LA DISTRIBUCION DE LAS MISMAS YA
SEA DE SUS PRODUCTOS PROPIOS O POR CONTRATO, TANTO EN EL MERCADO NACIONAL COMO
EN EL INTERNACIONAL. .

UNIDAD DE PROPOSITO Y ADMINISTRACION. ENTRE TECNCQUIMICAS E INDUGRAFICAS S.A.
EXISTE UNIDAD DE PROPOSITO Y DIRECCION YA QUE LOS PLANES Y OBJETIVOS DE ESTA
ULTIMA ESTAN DETERMINADAS POR LA PRIMERA.

DE TIGUAL MANERA SE CONCRETA EL CONTROL ADMINISTRATIVO SOBRE LA FILIAL A TRAVES
DE LA GERENCIA Y LA JUNTA DIRECTIVA CUYOS MIEMBROS PRINCIPALES HACEN PARTE
IGUALMENTE DE LA JUNTA Y ADMINISTRACION DE LA MATRIZ.

CERTIFICA:
QUE POR DOCUMENTO PRIVADO DEL 17 DE NOVIEMBRE DE 2005, INSCRITO EN LA CAMARA

DE COMERCIO EL 23 DE NOVIEMBRE DE 2005 BAJO _EL 'NRO:-.13.159 DEL LIBRO IX, EN LA
CUAL CONSTA LA STITUACION DE/CONTROL}EJERCIQK/PORKTEGNQQUIMICAS S.A. e
rs \ .

/ 4 L .
CONTROLANTE: TECNOQUIMICAS S.A. ‘ J .
DOMICILIOQ: CALI N e 2 \ki‘- I ///
NACIONALIDAD: COLOMBIANA -~ e - -
CONTROLADA: TECNOFAR IQ”é.A;’"'”'“iﬁk N
DOMICILIO: VILLA, RICA DEPARTAMENTO DEL CAUCA NN
NACIONALIDAD: COLOMBIANA . ‘ J ,

A L N e

. T _ . P .

ACTIVIDAD: LAS ACTIVIDADES DE TECNOFAR TQ S.A. CORRESPONDEN A LA PRODUCCION Y
COMERCIALIZACION DE PRODUCTOS BIOLOGICOS, QUIMICOS, MEDICAMENTCS Y PRODUCTOS
FARMACEUTICOS, PRODUCTOS VETERINARIOS Y AGRICOLAS, ALIMENTOS, COSMETICOS ¥ DE
TOCADOR, PRODUCTOS DE ASEO PARA EL HOGAR Y LA FABRICACION Y DISTRIBUCION DE
ENVASES PLASTICOS PARA TODO TIPO DE USO. -

UNIDAD DE PROPOSITO Y ADMINISTRACION. ENTRE TECNOQUIMICAS Y TECNOFAR, EXISTE
UNIDAD DE PROPOSITO Y DIRECCION YA QUE LCS PLANES Y OBJETIVOS DE ESTA ULTIMA
ESTAN DETERMINADAS POR LA PRIMERA.

DE IGUAL. MANERA SE CONCRETA EL CONTROL ADMINISTRATIVC SOBRE LA FILIAL A TRAVES
DE LA GERENCIA Y LA JUNTA DIRECTIVA CUYOS MIEMBROS PRINCIPALES HACEN PARTE
- IGUALMENTE DE LA JUNTA Y ADMINISTRACION DE LA MATRIZ.

CERTIFICA:

1
¢

QUE EL 27 DE MARZO DE 2001 BAJO EL NRO.1979 DEL LIBRO IX, SE INSCRIBIQ, EN LA

CAMARA DE COMERCIO UN DOCUMENTO PRIVADO DE FECHA MARZO 21 DE 2001, EN LA CUAL
CONSTA LA SITUACION DE CONTROL EJERCIDA POR LA SOCIEDAD TECNOQUIMICAS S.A.!

AL NIT. 860.033711-5 6221 03-2008

MATRIZ: TECNOQUIMICAS S.A.

***x CONTINUA ***
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LA ZONA FRANCA DEL PACIFICC CORRESPONDEN A LA PRODUCCION Y COMERCIALIZACION EN

TOTAL DEL CAPTTAL SUSCRITOY PAGADO DE LA SOCIEDAD. ™

" UBICADO EN: -K 7 22 122 DE CALI

' GURORDINADA: * ADHESIVOS INTERNACIONALES S.A.- ADHINTER S.A. DOMICTILIO: CALI

COMO - CINTAS,  PEGANTES, . PAPELES ADHESIVOS Y CINTAS ADHESIVAS PARA USO
INDUSTRIAL. : P T '

PRESUPUESTO DE CONTROL: TECNOQUIMICAS 'S.A., TIENE SUSCRITAS EN LA SOCIEDAD
ADHESTVOS INTERNACIONALES. S.A. ADHINTERy S.A., LA/CANTIDAD DE DOS MILLONES

'RENOVO . POR EL A?0 2008

CERTIFICADC NACIONAL
CAMARA DE COMERCIC DE CALI '
Fecha : 20080626 Hora Certificado 15:05:44

Operacion : 02NA4(0626030 PAGINA No. 22
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Lpe

DOMICILIO: SANTIAGC DE CALI.
NACIONALIDAD:“COLOMBIANA
ACTIVIDAD: LAS ACTIVIDADES DE TECNOQUIMICAS CORRESPONDEN A LA PRODUCCION Y
COMERCTIALIZACION A DE ,PRODUCTOS BIOLOGICOS, QUIMICOS, MEDICAMENTOS Y PRODUCTOS
FARMACEUTICOS, PANALES, PRODUCTOS VETERINARIOQ Y AGRICOLAS, ALIMENTOS,
COSMETICOS 'Y DE TOCADOR.Y PRODUCTOS DE ASEQ PARA EL HOGAR.

VALLE DEL CAUCA
NACIONALIDAD: COLOMBIANA
ACTIVIDAD: LAS ACTIVIDADES DE- ADHINTER S.A. SE DESARROLLAN EXCLUSIVAMENTE EN

[ '
'

EL MERCADO NACIONAL E INTERNACIONAL DE ADHESIVOS MEDICINALES TALES COMO CURAS,
VENDITAS, - ESPARADRAPOS, PARCHES, VENDAS; ADHESIVOS PARA USO EN OFICINA TALES

~

CUATROCIENTOS. TREINTA “MIL ~(274307000) ACCIONES ORDINARTAS DE VALOR NOMINAL DE

CIEN PESOS ($100.00) SOBRECCUN TOTAL DE TRES MILLONS (3.000.000) DE ACCIONES

ORDINARIAS SUSCRITAS. QUE REPRESENTA UNA . PARTICIPACION.DIRECTA DEL 81% SOBRE EL
) ot

-~ . ;-
- \ N AN /7/" Y.
o ~--—— CERTIFICR: -~ - =~ .~

QUE' A - NOMBRE'® DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
£, NRO.7050-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS :

UBICADO EN: <--C 23 7 39 DE CALI :

RENOVO . , . : POR EL A?0 2008

LT

CERTIFICA: s o ‘
) AP r ,‘r L - ) ) , .
QUE A NOMBRE .DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
Bl NRO.311234-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS

[

FECHA MATRICULA : 22 DE APRIL DE 1992

o CERTIFICA:
QUE.. A NOMBRE . DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJG
EL NRO.311235-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS ‘

L

*x% CONTINUA ***




W

*01 *

CERTIFICADO NACIONAL
CAMARA DE COMERCIO DE CALI
Fecha : 20080626 Hora Certificado 15:05:44

Operacion : 02NA40626030 PAGINA No. 23

ISR RS S ERNTHASS S S S AR SR RS ER RS SRR SRR RS R R Rt R R RS LR R R R

’——UBTCADOfENT—fC-ZB—ﬂ‘GG‘DE CALT
FECHA MATRICULA : 22 DE APRIL DE 1992
RENOVO : POR EL A?0 2008

CERTIFICA:

QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
EL NRO.606730-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS S A JAMUNDI

UBICADO EN: --CARRETERA JAMUNDI KM. 23 DE JAMUNDI

FECHA MATRICULA : 14 DE APRIL DE 2003

RENOVO . POR EL A?0 2008
o -~ ~CERTIFICK:- =~ ~ —_
/' ,/ R i & \ \

QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
EL NRO.606736-2 ' ESTABLECIMIENTO DE.COMERCTQ: TECNOQUIMICAS § A YUMBO

UBICADG EN: --CL. 15 NRO™ 30 98 AUTOPISTA CALI-YUMBO KILOMETRO 4 DE YUMBO
FECHA MATRICULA : 14 DE APRIL DE-2003 - e
RENOVO : POR EL7 A?0-2008 ™ N e :

;/’ //O k‘ . / \\ \\

\ N , . /

\\ o - - //, » \\\‘\ _ o / /

- .~ CERTIFICA™. .~

QUE LA SOCIEDAD EFECTUO LA RENOVACION DE SU MATRICULA MERCANTIL EL 29 DE
MARCH DE 2008 :

CERTIFICA:

QUE NO FIGURAN OTRAS INSCRIPCIONES QUE MODIFIQUEN TOTAL O PARCIALMENTE EL
PRESENTE CERTIFICADO.

LOS ACTOS Y DOCUMENTOS REGISTRADOS QUEDAN EN FIRME CINCO (5) DIAS HABILES
DESPUES DE LA FECHA DE SU INSCRIPCION, SIEMPRE Y ~CUANDO DENTRO DE DICHO
TERMINO NO SEAN OBJETO DE RECURSOS EN LA VIA GUBERNATIVA. .

DE CONFORMIDAD CON EL DECRETO 2150 DE 1.995 Y LA AUTORIZACION IMPARTIDA POR
LA SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO LA FIRMA MECANICA QUE APARECE A
CONTINUACION TIENE PLENA VALIDEZ PARA TODOS LOS EFECTOS LEGALES.

DADC 'EN CALI A LOS 26 DIAS DEL MES DE JUNE DEL AZ0 2008 HORA:‘O3:05:§Q

' 1 N
********************i***************************************************j’f*-’g****‘*
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I

SUPERIMTENDENCIA DE IRDUSTRIA Y COHERCIO

NIT = 800176089-2 e e

~
I‘ SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO i

I W
RECIED DFICIAL DE CAJR : OB - 50.78% ! IIIIIIII 341- 0000 IIIIIII" i
FECHA + JUNIO 24 DE 2008 | Fecha: 2008 06 2716.52.57 Dep. 2020 NUECRI:ACIONl ]
Tra. 11 PATENTEIYII Eve: 378 FASENACICNALI )
Act. 400 OPOSIOBSERVTER  Folios: 140 J

ey COMNSTENACT QN teide

EYEC Y REYES ABOGADOS  CONGIGNACION.  BANCOD DE BOGGTA 062734387 - 4640086 23/04/2008 (1,023,000.00

frrir 00O NCEP T O ttne

CANT. RE-NTISHE!] ‘ CONCEFTD TOTAL CONCERTH
1 30003-01-04 PRESENTACTON BE DBSERVACIONES / 12 MAREAS Y LEMAS COMERCIALES 266, 000,00
TOTAL : § 266,000,00

30F:  DOBCIENTOS SESENTA Y SEIS HIL PESDS

RESPONSADLE C/g
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_ GUPERINTENDENCIA DE INDUSTRIA ¥ CONERLIO
NIT @ 800176039-2 e — o )
\/——‘ SUPERlNTENDENC\A DE INDUSTRIAY COM‘TRCl }
RECIBO OFICIAL DE CAJA : 08 - 50,768 - SR \m\l\lIlll\“l!]\!\!\!‘zl\lt!!!“!!]m :
FECHA : JUNIG 24 DE 2008 A ! No. 08-002341- - 50 NUEGREACION
| Fecha 2008'06‘%75112}52:57 EVD;%%O CASENACIONALL
- EN : 378
| E;Zlg)o FggosnOBSER\/TER Fofios: 140 o
HEE CONSIGNACTON 3t
BEFUS T TANTE TIPG PAGO RANCO CUENTA No. PAED . FECHA PGO Yr. PAGO
' REYES Y REYES ABOGADOS CONSIGNACION  BANCO DE BOGOTA 062754387 4840086 23/06/2008 1,023,000,
BN C 0 N D EF T D bR
CANT. RENTISTIC CONCEPTD TOTAL CONGEPTH
1 50005-0£-08 PRORROGA DE TERMINGS 31 PRORROBA DE TERMINDS 73,000, 00
TOTAL § 75,000,00

SoM:  BETENTA Y CINCO MIL PESDS

RESFONSABLE & /
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Industria y Comercio
SUPERINTENDENCIA

2020
Bogota, D.C.,
Doctor: OficioN®: 128114
Carlos Reinaldo Olarte Garcia
Apoderado
ASUNTO: Radicacion PCT N°  08-2341
Tramite 011
Evento 379
Actuacion 440

-~ Folios 143

N

Con fundamento en lo previsto por el articulo 43 de la Decision 486 de la Comision de

la Comunidad Andina,_se le comunica que la oposiciéon presentada por el doctor José

Luis Reyes Villamizar, en su calidad de apoderado de Tecnoquimicas S.A., retine los
requisitos formales exigidos por la ley al momento de su presentacion.

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

. Fas

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

ALIX CARMEN CESPEDES DE VERGEL
Jefe de la Division de Nuevas Creaciones.

1001 2008

El anterior oficio fue notificado por fijacion en lista de fecha, -

~

202021
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