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1. Documentos estudiados

Descripción: Rad 11-177561-00000-0000 23/diciembre/2011
Reivindicaciones: Rad 11-177561-00000-0000 23/diciembre/2011
    
2. Análisis de la Prioridad

Se acepta la reivindicación de prioridad porque ésta solicitud fue presentada dentro del 
plazo  establecido  (Art.  9  D  486)  y  su  contenido  técnico  corresponde  con  el  de  la 
prioridad reivindicada.

3. Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Título 10 
de la Circular Única para efectos del examen de patentabilidad, se tendrá en cuenta la 
tasa  pagada  por  el  solicitante  al  momento  de  comenzar  el  examen  para  las 
reivindicaciones adicionales; esto es que cuando la solicitud contenga más de diez (10) 
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reivindicaciones y no se haya pagado la tasa complementaria, sólo se estudiarán las 
cubiertas por la tasa pagada. En este caso se encuentra el pago adicional de la tasa 
que cubre 10 reivindicaciones adicionales, de tal  forma que se estudiará el capitulo 
reivindicatorio completo. 

Título de la solicitud: Composiciones catalizadoras de metaloceno heteronuclear nano-
enlazado y sus productos poliméricos. Folio 1.

Objeto de la invención:  El objeto de la presente solicitud de patente de invención se 
refiere a compuestos de metaloceno heterodinucleares nano enlazados, composiciones 
catalizadoras  que  comprenden  dichos  compuestos,  un  proceso  para  polimerizar 
olefinas que emplean dichas composiciones catalizadoras y el polímero así obtenido. 

El  problema  técnico  planteado  en  la  presente  solicitud  de  patente  se  refiere  a  la 
necesidad de diseñar derivados de metaloceno heterodinucleares nano enlazados que 
sean útiles en la polimerización de olefinas. Para solucionar ese problema técnico la 
presente  solicitud  plantea  compuestos  de  metaloceno heterodinucleares  nano 
enlazados,  composiciones  catalizadoras  que  comprenden  dichos  compuestos,  un 
proceso para polimerizar olefinas que emplean dichas composiciones catalizadoras y el 
polímero así obtenido. 

El  objeto  de  la  presente  solicitud se  relaciona con la  Clasificación  Internacional  de 
Patentes (CIP): C08F 17/00.

4. De la solicitud de Patente 

Descripción (artículo 28)

La  descripción  resulta  ser  insuficiente  para  el  amplio  alcance que tiene  el  capitulo 
reivindicatorio.  Se  le  recuerda  a la  solicitante  que  la  descripción  debe  ser  una 
divulgación  suficiente  y  adecuada  de  la  materia  que  se  está  reclamando,  pero 
definitivamente el alcance de la misma va mucho más allá de aquella materia que se 
encuentra enteramente soportada en la descripción. 

Se llama la atención de la solicitante, frente a que los estudios presentados reflejan un 
comportamiento determinado al  utilizar  composiciones catalizadoras específicas que 
comprende únicamente los metalocenos DMET-1 y DMET-2 en la polimerización de 
monómeros también muy específicos, y no se encuentra ninguna razón técnica para 
suponer que la extrapolación reclamada muestre el mismo comportamiento, o al menos 
un comportamiento apenas parecido al  que presenta  la  particularidad ensayada.  El 
solicitante debe definir específicamente los metalocenos de interés.

En consecuencia, la descripción no cumplió con el requisito de claridad y/o divulgación 
completa de acuerdo al art. 28 de la Decisión 486 y el art. 22 del Tratado PCT.

Reivindicaciones (artículo 30 D 486)

El capitulo reivindicatorio no se encuentra enteramente soportado en la descripción y no 
cumple  con  el  requisito  de  concisión  debido  a  que  no  define  específicamente  las 
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características  técnicas  esenciales  del  derivado  metaloceno  de  interés,  así  como 
tampoco define específicamente,  la  composición,  el  proceso de polimerización ni  el 
polímero obtenido. El capitulo reivindicatorio es demasiado amplio y esta Oficina no 
encuentra ninguna razón técnica para aceptar una extrapolación tan amplia a partir de 
estudios tan puntuales. 

Asimismo,  sírvase  suprimir  o  reemplazar  expresiones  tales  como  “sustituido  o  no 
sustituido,  grupo  alquilo  o  alquenilo  sustituido  o  no  sustituido,  -grupo  de  puenteo  
sustituido o no sustituido que comprende ya sea un grupo cíclico de 5 a 8 átomos de 
carbono, una cadena de puenteo de 2 a 5 átomos de carbono-, -o un grupo alifático,  
aromático o cíclico sustituido o no sustituido, o una combinación de los mismos-, grupo  
enlazante alquenilo ” que son imprecisas y no permiten definir concretamente la materia 
reclamada. 

Igualmente,  se llama la atención de la solicitante frente a que el capitulo reivindicatorio 
no cumple con el requisito de concisión no sólo por su amplio alcance, sino porque 
presenta dos reivindicaciones independientes de la misma categoría. Nótese que las 
reivindicaciones 1 y 18 reclaman compuestos de metaloceno. Sírvase limitar el objeto y 
el alcance de la invención y definir específicamente la materia de interés.

En  consecuencia,  el  nuevo  capítulo  reivindicatorio  no  cumple  con  el  requisito  de 
claridad,  concisión  y sustento en la descripción de acuerdo al art. 30 de la Decisión 
486 y el  art.22 del Tratado PCT. 

5. Determinación del Estado de la Técnica

Considerando que la fecha de la solicitud de prioridad es 23 de junio de 2009 se realizó 
la búsqueda en el estado de la técnica y se encontraron los documentos relacionados a 
continuación que pueden afectar la patentabilidad del objeto de la presente solicitud:

Nº Documento Título
Fecha de 
publicación

D1 WO2007101053 

Dual metallocene 
catalysts for 
polymerization of bimodal 
polymers 

7/septiembre/2007

D2

CHEMISTRY - A 
EUROPEAN JOURNAL, 
20030804 Wiley - V C H 
Verlag GmbH & Co. KGaA, 
WEINHEIM, DE - ISSN 
0947-6539
Vol:9, Nr:15, Page(s):3618 - 
3622

Formation of dinuclear 
titanium and zirconium 
complexes by olefin 
metathesis--catalytic 
preparation of 
organometallic catalyst 
systems  

2003

El solicitante podrá consultar el documento citado en la siguiente dirección URL:
D1:http://worldwide.espacenet.com/searchResults?
compact=false&PN=wo2007101053&ST=advanced&locale=en_EP&DB=EPODOC
D2:http://onlinelibrary.wiley.com/doi/10.1002/chem.200304789/abstract;jsessionid=5B3E3D0965460B81DBFF3C54059
07EDC.d03t01
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El  documento  D1  divulga  composiciones  catalizadoras,  método  para  preparar 
composiciones  catalizadoras,  método  para  polimerizar  olefinas  y  polímeros  y 
copolímeros  de  etileno.  La  composición  catalizadora  incluye  por  lo  menos  dos 
compuestos diferentes de metaloceno, opcionalmente por lo menos un compuesto de 
organoaluminio, y por lo menos un activador.  

El documento D2 divulga compuestos de metaloceno dinucleares producidos mediante 
una reacción de metátesis de olefina. 

6. Examen de patentabilidad (artículo 14 D486)

Nivel Inventivo (artículo18 D486)

La reivindicación 1 consiste en un compuesto metaloceno dinuclear que tiene la fórmula 
(A), (B) o (C)

Ver páginas 127 a 129 del radicado 11-177561-00000-0000.

La siguiente tabla presenta la comparación entre las características técnicas esenciales 
de la solicitud estudiada, mencionadas en la reivindicación 1, y las reveladas en  el (los) 
documento(s) D1 y D2 que representa(n) el estado de la técnica:
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Características 
esenciales de la 
invención 

D1
todo el documento

   

D2
todo el documento
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Los documentos D1 y D2 se consideran el estado de la técnica cercano a la invención 
definida en la reivindicación 1 porque: 

El  documento  D1  divulga  un  sistema  catalizador  que  comprende  el  producto  de 
contacto de: por lo menos un primer metaloceno, que es, por ejemplo, un compuesto 
puenteado de  ansa-metaloceno que contiene una porción de olefina unida a por  lo 
menos uno de los ligandos tipo ciclopentadienilo y uno o dos grupos arilo enlazados al 
átomo del ligando de puente (por ejemplo compuestos de fórmula (IA)), por lo menos un 
segundo metaloceno, que son compuestos de metalocenos sin puente que comprenden 
dos ligandos ciclopentadienilo, dos ligandos indenilo o un ligando ciclopentadienilo y 
uno indenilo  opcionalmente  sustituidos  (por  ejemplo  compuestos  de  fórmula  (IVA)), 
opcionalmente al menos un compuesto de organoaluminio y por lo menos un activador. 

La diferencia entre los metalocenos definidos en la reivindicación 1 y los metalocenos 
puenteados del documento D1 consiste en que estos últimos no han sido sometidos a 
un  reacción  de  metátesis  para  formar  una  estructura  heterodinuclear,  es  decir,  se 
utilizan por separado en el  sistema catalizador, mientras que en la presente solicitud ya 
han formado una misma estructura. No obstante, el documento D1 ya había divulgado 
un mismo sistema catalizador que comprende dichos metalocenos como producto de 
contacto, por ejemplo un sistema catalizador que comprende un primer metaloceno (1) 
y un segundo metaloceno (2) que es equivalente al  metaloceno heterodinuclear del 
ejemplo 1 que simplemente se trata del producto de reacción de estos dos, así: 
  

solicitud 
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D1

(1)              (2)

Ahora  bien,  el  efecto  que  se  logra  al  utilizar  un  metaloceno  fusionado  (una  única 
molécula) frente a sus mismas partes constitutivas por separado (dos moléculas) es 
que se obtiene una olefina con propiedades determinadas. No obstante, dicho efecto no 
se  considera  un  efecto  técnico  inesperado  o  sorprendente  puesto  que  el  sistema 
catalizador de D1 ya había sido utilizado para polimerizar olefinas y las olefinas así 
obtenidas ya habían mostrado propiedades físicas equivalentes. 

Por  lo  tanto,  el  problema técnico  objetivo  que  pretende  resolver  esta  invención  se 
puede formular así: ¿cómo obtener metalocenos alternativos útiles en la polimerización 
de olefinas?
 
Sin embargo, la obtención de metalocenos heterodinucleares, útiles como catalizadores 
en la polimerización de olefinas, por medio de una reacción de metátesis de olefina, ya 
había  sido  divulgada  en  el  documento  D2.  Dicho  documento  divulga  metalocenos 
dinucleares  que  son  producto  de  la  reacción  de  metátesis  de  olefina  entre  dos 
metalocenos que contienen porciones olefínicas. 

En consecuencia, la persona del oficio normalmente versada en la materia, tiene toda la 
información a partir de la combinación de enseñanzas de los documentos D1 y D2 para 
reaccionar o fusionar los metalocenos del sistema catalizador de D1 por medio de una 
reacción  de  metátesis,  como  en  D2,  para  llegar  así  a  los  metalocenos 
heterodinucleares  de  la  reivindicación  1  de  la  presente  solicitud,  con  la  plena 
expectativa de éxito de encontrar metalocenos útiles como catalizadores de olefinas. 
Por lo tanto esta Oficina concluye que la materia reclamada en la reivindicación 1, al 
igual que la materia de las reivindicaciones 2 a 20, es una alternativa que se deriva de 
manera obvia a partir del estado del arte citado, que no provoca ningún efecto técnico 
inesperado  o  sorprendente  que  pueda  entenderse  como  un  salto  cualitativo  en  la 
técnica y que por lo tanto carece de nivel inventivo. 

7. Conclusión

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados así:

N° Documento N°
Reivindicaciones 

afectadas
Requisito que afecta

D1 WO2007101053 1-20 Nivel Inventivo
D2 CHEMISTRY - A EUROPEAN JOURNAL, 1-20 Nivel Inventivo



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir de la fecha de notificación de la presente comunicación. En caso de no 
dar  respuesta al  presente requerimiento,  o  si  a  pesar  de  la  respuesta  subsistieran  los 
impedimentos para la concesión, se denegará la patente.

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

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2013-07-30

Elaboró: Sandra Isabel Calderon Rodriguez
Revisó: Lyna Del Carmen Mordecay Dunoyer
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Formation of Dinuclear Titanium and Zirconium Complexes by Olefin
Metathesis–Catalytic Preparation of Organometallic Catalyst Systems

Jesus Cano Sierra, Doris H¸erl‰nder, Michael Hill, Gerald Kehr, Gerhard Erker,* and
Roland Frˆhlich�[a]

Abstract: The titanium complex [(C5H4�allyl)TiCl3] (2) undergoes olefin metathesis
coupling when treated with 3 mol% of [Cl2(L1)(L2)Ru�CHPh] (L1�L2�PCy3, 4 a ;
L1�PCy3, L2� (H2IMes), 4 b) to yield the dimetallic complex [Cl3Ti(C5H4)-
CH2CH�CHCH2-(C5H4)TiCl3] (5). The allyl-substituted titanocene complex
[Cp(C5H4�allyl)TiCl2] (3) analogously yields the dimetallic system 6 when treated
with 4. The ansa-zirconocene complex [Me2Si(C5H4)(C5H3�allyl)ZrCl2] (7) cleanly
yields the analogous dimetallic coupling product 8 (�95% isomerically pure), when
treated with catalytic amounts of 4 b in toluene. Complex 8 gives an active
homogeneous ethene or propene polymerization catalyst, especially at elevated
temperatures, when treated with excess methylalumoxane.

Keywords: catalysis ¥ olefin meta-
thesis ¥ metallocenes ¥ ruthenium ¥
titanium ¥ zirconium

Introduction

The Group 4 metallocenes and related compounds have
become of great importance in view of their enormous
potential as components in catalysis. Devising novel synthetic
pathways for the selective preparation of specifically substi-
tuted and functionalized CpMLn complexes of the Group 4
metals has become increasingly important because of the
extensive use of such organometallic compounds in polymer-
ization catalysis,[1] but also in catalytic organic synthesis.[2] In
contrast to their late transition-metal analogues,[3] the use and
transformation of functional groups at the Cp rings of these
early transition-metal compounds has been rather limited.[4]

Introduction of, for example, carbonyl functions usually must
be carried out at the free ligand stage, that is before
attachment to the oxophilic d-block metal.[5] We have inves-
tigated possible ways aimed at establishing specific functional
group chemistry at the stage of the cyclopentadienyltitanium
or -zirconium complexes.[4, 6] The many recent advances
reported with regard to metal-catalyzed olefin metathesis
reactions[7, 8] prompted us to search for potential applications
of such methods for synthetic transformations in substituted-
Cp Group 4 metal complex chemistry. First examples of

intramolecular olefin metathesis coupling reactions leading to
ansa-zirconocenes were independently disclosed recently by
our group[9] and by Hayashi et al.[10] We have now applied this
methodology for the intermolecular coupling reaction of
[(allyl-Cp)MIVLn] precursors to yield novel dimetallic systems
that may find some potential application in homogeneous
Ziegler ±Natta catalysis and related catalytic processes. Here
we describe several examples in which organometallic catalyst
precursors were prepared by metal-catalyzed pathways.

Results and Discussion

The titanium complexes used in this study were prepared by
conventional methods. Treatment of allyl bromide with CpNa,
followed by deprotonation with n-butyllithium gave 1, which
was then silylated and converted to the titanium complex 2 by
the reaction with TiCl4. Subsequent treatment of 2 with CpLi
gave the substituted titanocene dichloride complex 3
(Scheme 1).[11]

Complex 3 was subjected to an intermolecular olefin
metathesis reaction. For this purpose a solution of 3 (ca.
0.2 �) in toluene was treated with [Cl2(PCy3)2Ru�CHPh][12]

(4 a, 3 mol%). The reaction mixture was kept at 80 �C for 5 h
to give a 3:1 mixture of the organometallic metathesis
products trans-5 and cis-5, which were isolated in a combined
yield of about 40% (Scheme 2). A similar result was obtained
when the reaction was carried out in dichloromethane or
benzene. We have also employed a ™second-generation∫
metathesis catalyst[12c, 13] (4 b). In this case the pure trans-5

[a] Prof. G. Erker, Dr. J. Cano Sierra, Dr. D. H¸erl‰nder, Dipl.-Chem.
M. Hill, Dr. G. Kehr, Dr. R. Frˆhlich�

Organisch-Chemisches Institut der Universit‰t M¸nster
Corrensstrasse 40, 48149 M¸nster (Germany)
E-mail : erker@uni-muenster.de

[�] X-ray crystal structure analyses.

FULL PAPER

¹ 2003 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim DOI: 10.1002/chem.200304789 Chem. Eur. J. 2003, 9, 3618 ± 36223618



3618±3622

Chem. Eur. J. 2003, 9, 3618 ± 3622 www.chemeurj.org ¹ 2003 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim 3619

Scheme 1. Synthesis of 3.

Scheme 2. Reaction of 2 with catalysts 4 a and 4 b to give cis-5 and trans-5.

isomer was obtained from the reaction performed in benzene
or toluene (Scheme 2).

Complex trans-5 is characterized by two 1H NMR multip-
lets of the two symmetry-equivalent C5H4 moieties at �� 6.94
and 6.84 ppm, a CH2 multiplet at �� 3.63 ppm (6-H) and the
olefin (7-H) resonance at �� 5.79 ppm. From the 13C satellite
signals in the 1H NMR spectrum a 3J(7-1H, 7-1H*) coupling
constant of 16 Hz was obtained [GHSQC{selectively decou-
pled at 6-H}:[14] 1J(13C7, 7-1H)� 157 Hz]. The coproduct (cis-5)
showed similar signals [�1H� 3.72 (6-H), �� 5.87 ppm (7-H)]
and a very characteristic set of coupling constants 3J(7-1H,
7-1H*)� 12 Hz [1J(13C7, 7-1H)� 157 Hz] that was used to
assign the two obtained isomers as trans-5 and cis-5, respec-
tively.

From a concentrated solution of the mixture in benzene,
single crystals of trans-5 were obtained that were suitable for
an X-ray crystal structure determination (Figure 1). The
complex features a pseudotetrahedral coordination geometry
around the titanium center: Ti�Cl1 2.2225(6), Ti�Cl3

Figure 1. A view of the molecular structure of complex trans-5. For
selected bond lengths and angles see the text.

2.2308(7), Ti�Cl2 2.2387(7) ä; Cl-Ti-Cl 101.55(3) ± 104.47(3)�.
The two TiCl3 subunits and their adjacent organic ligand
frameworks are symmetry equivalent (Ci symmetry). The
monosubstituted R-C5H4 ring is �5-coordinated to the tita-
nium center; the Ti�C1 linkage (2.389(2) ä) is slightly longer
than the proximal Ti�C2/C5 (2.333(2)/2.342(2) ä) and the
distal Ti�C3/C4 (2.317(2)/2.311(2) ä) bonds. Inside the �5-
C5H4 ligand the C�C bonds range between 1.397(3) and
1.416(3) ä. The bond to the bridging butenediyl substituent is
longer (C1�C6 1.500(3) ä), and almost identical to the C6�C7
bond length (1.498(3) ä; C1-C6-C7 114.2(2)�). The C7�C7*
bond (1.311(4) ä) is in the expected range for a C�C double
bond (C7*-C7-C6 124.2(2)�). The butenediyl unit is planar
and trans-configurated. However, it is markedly rotated out of
the C1�C6 plane with the C7�C7* double bond arranged
away from the respective metal center (dihedral angles �1:
C5-C1-C6-C7 20.7(3)�, �2: C1-C6-C7-C7* �118.3(3)�).

The allyl-Cp substituted titanocene dichloride complex 3
was similarly coupled by means of catalytic olefin metathesis.
Treatment of 3 with 3 mol% of the ruthenium carbene
complex 4 a in benzene, toluene, or dichloromethane furnish-
ed a mixture of cis-6 and trans-6 in a 1:1 ratio (ca. 40 ± 50%
isolated; Scheme 3). Similarly, treatment of 3 with the
advanced catalyst system 4 b gave the pure trans-6 isomer.
Complex trans-6 shows an olefinic 7-1H NMR resonance
signal at �� 5.62 ppm with a typical vicinal trans-coupling
constant of 3J(7-1H, 7-1H*)� 16 Hz (6-CH2 signal at ��
3.49 ppm, Cp resonance at �� 6.53 ppm), whereas the cis-6
isomer is characterized by a 7-1H resonance signal at �� 5.65
[3J(7-1H, 7-1H*)� 12 Hz].

Scheme 3. Reaction of 3 with catalysts 4 a and 4 b to give cis-6 and trans-6.

We have applied the olefin metathesis reaction also for
coupling of two ansa-zirconocene units. The dimethylsilane-
diyl-bridged ansa-metallocene complex 7 was prepared as
depicted in Scheme 4 (57% yield).[15] Single crystals of 7
suitable for an X-ray structure determination (Figure 2) were
obtained from a concentrated solution of the compound in
chloroform with a few drops of benzene.

Complex 7 contains an element of planar chirality. Cou-
pling of two such units by metathesis, therefore, should in
principle lead to two diastereoisomers (rac and meso).
Together with the possibility of the formation of cis- and
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Scheme 4. Synthesis of 7.

Figure 2. Molecular geometry of 7. Selected bond lengths [ä] and angles
[�]: Zr�Cl1 2.4294(7), Zr�Cl2 2.4286(6), Si�C1 1.866(2), Si�C11 1.860(2),
Si�C61 1.847(2), Si�C71 1.845(2), C1�C2 1.424(3), C1�C5 1.420(3), C2�C3
1.410(3), C3�C4 1.389(3), C4�C5 1.414(3), C4�C6 1.508(3), C6�C7
1.493(4), C7�C8 1.304(4); Cl1-Zr-Cl2 98.74(3), C1-Si-C11 94.0(1), C1-Si-
C61 110.1(1), C1-Si-C71 111.7(1), C11-Si-C61 112.7(1), C11-Si-C71
113.2(1), C61-Si-C71 113.7(1), C4-C6-C7 112.0(2), C6-C7-C8 125.9(3),
C4-C5-C6-C7 -115.0(3).

trans-1,2-disubstituted alkenes this makes a total of four
possible stereoisomeric products that can be formed (see
Scheme 5). Treatment of 7 with [Cl2(PCy3)2Ru�CHPh] (4 a) in

dichloromethane (2 h, reflux) gave a mixture of products, in
which a single isomer predominates (ca. 80%) as judged from
the SiMe2 1H NMR pair of signals at �� 0.74 and 0.70 ppm.
The reaction of 7 with catalytic amounts of 4 a or 4 b in
benzene or toluene was more selective, yielding a single
coupling product that was obtained �95% pure. We assume
that it is one of the two trans isomers, but whether rac- or
meso-8 formation prevails is not clear at present.

We have briefly tested the catalytic features of the
dimetallic ansa-metallocene system 8. Accordingly, the iso-
lated dizirconium complex was activated by treatment with a
large excess of methylalumoxane in toluene. Only a rather low
polymerization activity was displayed in ethene polymeriza-
tion at room temperature, but the system 8/MAO turned out
to be a quite active ethene polymerization catalyst at 60 �C,
yielding linear polyethylene (Table 1). Likewise, the 8/MAO

catalyst system polymerizes propene at both 25 �C and 60 �C
with a reasonable catalyst activity to yield a typical rather low
molecular weight polypropylene (Table 2).[16] Only slightly
isotactic polypropylene was obtained at ambient temperature
(36% mmmm intensity in the 13C NMR methyl pentade
analysis, the stereocontrol takes place by an enantiomorphic
site control mechanism[17]). The polypropylene sample ob-
tained at 60 �C was close to atactic (12% mmmm).

The Ru ± carbene complex catalyzed
olefin metathesis reaction is increasingly
being applied in organic synthesis. One
reason for this development is its wide
compatibility with functional groups
present in substrates and products.[7]

This, and the few other emerging stud-
ies[8±10] have shown that this C�C cou-
pling methodology is even compatible
with the very sensitive organometallic
bent metallocene ™functional group∫.
We regard this as a major advantage in
synthetic organometallic chemistry that
will probably open up a variety of entries
to novel active catalyst systems, especial-
ly of homo- and heterodi- and multi-
metallic nature. ™Double catalysis∫, that
is the catalytic preparation of organo-
metallic catalysis systems, such as repre-
sented by the examples featured in this
article seems to be an increasingly at-
tractive and useful concept in synthetic
homogeneous catalysis.

Scheme 5. Reaction of 7 with catalysts 4a and 4 b to give meso-cis-8 and meso-trans-8, rac-cis-8, and
rac-trans-8.

Table 1. Ethene polymerization with the 7/MAO and 8/MAO catalyst
systems.[a]

Complex T [�C] Al/Zr g PE A[b] M.p.

7 25 1200 3.6 360 126
8 25 1700 1.1 340 127
7 60 1200 49.4 9900 126
8 60 2000 23.0 7800 128

[a] Reaction in toluene, 10 min, 2 bar ethene. [b] Catalyst activities (A)
in kg polyethylene/(molZr ¥ h ¥ bar(ethene)).
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Experimental Section

General : All reactions were carried out under dry argon in Schlenk-type
glassware or in a glove box. Solvents, including deuterated solvents used for
NMR spectroscopy, were dried and distilled prior to use. For additional
general conditions, including a list of instruments used for a physical
characterization of the compounds, see ref. [9]. Most NMR assignments
were secured by carrying out a variety of 2D NMR experiments.[18] The
titanium complex 3 was prepared according to the literature procedure[11] .

X-ray crystal structure analyses : Data sets were collected with a Nonius
KappaCCD diffractometer, equipped with a rotating-anode generator
Nonius FR591. Programs used: data collection COLLECT (Nonius B.V.,
1998), data reduction Denzo-SMN (Z. Otwinowski, W. Minor, Methods in
Enzymology, 1997, 276, 307 ± 326), absorption correction SORTAV (R.H.
Blessing, Acta Crystallogr. Sect. A 1995, 51, 33 ± 37; R. H. Blessing, J. Appl.
Crystallogr. 1997, 30, 421 ± 426), structure solution SHELXS-97 (G. M.
Sheldrick, Acta Crystallogr. Sect. A 1990, 46, 467 ± 473), structure refine-
ment SHELXL-97 (G. M. Sheldrick, Universit‰t Gˆttingen, 1997), graphics
SCHAKAL (E. Keller, Universit‰t Freiburg, 1997).

CCDC-201229(7), CCDC-201230 (5 ¥ C6H6), and CCDC-201231(5) contain
the supplementary crystallographic data for this paper. These data can be
obtained free of charge via www.ccdc.can.ac.uk/conts/retrieving.html (or
from the Cambridge Crystallographic Center, 12 Union Road, Cambridge
CB21EZ, UK; Fax: (�44)1223-336033; or deposit@ccdc.cam.ac.uk).

[�5-(2-Propen-1-yl)cyclopentadienyl]trichlorotitanium (2): A solution of
[(2-propen-1-yl)cyclopentadienyl]trimethylsilane (2.12 g, 11.8 mmol) in
toluene (20 mL) was added to a solution of TiCl4 (2.25 g, 11.8 mmol) at
0 �C in the same solvent. After the resulting red solution had been stirred
overnight at room temparature, the solvent was removed under reduced
pressure. Extraction with pentane (2� 50 mL) provided compound 2 as a
yellow crystalline solid (2.76 g; 90%). 1H NMR (CDCl3): �� 6.94 (m, 2H;
2,5-H), 6.93 (m, 2H; 3,4-H), 5.92 (m, 1H; 7-H), 5.20 (m, 2H; 8-H),
3.60 ppm (m, 2H; 6-H); 13C{1H} NMR (CDCl3): �� 142.3 (C7), 133.7 (C1),
123.6 (C2, C5), 123.0 (C3, C4), 118.6 (C8), 35.7 ppm (C6); elemental
analysis calcd (%) for C8H9Cl3Ti (Mr� 259.4): C 37.04, H 3.50; found: C
37.38, H 3.50.
[�5-(2-Propen-1-yl)cyclopentadienyl](�5-cyclopentadienyl)dichlorotitani-
um (3)[11]: A suspension of cyclopentadienyllithium (0.50 g, 6.92 mmol) in
toluene (20 mL) was added to a solution of [�5-(2-propen-1-yl)cyclopenta-
dienyl]trichlorotitanium (1.80 g, 6.92 mmol) at �20 �C in the same solvent.
After the resulting red solution had been stirred for 3 h at 60 �C, the
mixture was filtered and the solvent was removed under reduced pressure
to provide compound 3 as a red solid (2.01 g; 92%). 1H NMR (CDCl3): ��
6.54 (s, 5H; C5H5), 6.42 (m, 2H; 2,5-H), 6.34 (m, 2H; 3,4-H), 5.95 (m, 1H;
7-H), 5.08 (m, 2H; 8-H), 3.49 ppm (m, 2H; 6-H); 13C{1H} NMR (CDCl3):
�� 136.9 (C7), 135.6 (C1), 122.5, 116.1 (C2-C5), 119 (Cp), 117.0 (C8),
35.1 ppm (C6).
[Dimethylsilandiyl{�5-(2-propen-1-yl)cyclopentadienyl}(�5-cyclopentadi-
enyl)]dichlorozirconium (7): Chilled toluene (250 mL, �78 �C) was added
to a solid mixture of dilithio[(2-propen-1-yl)cyclopentadienyl](cyclopenta-
dienyl)dimethylsilane (3.47 g, 14.5 mmol) and ZrCl4 (3.37 g, 14.5 mmol).
The suspension immediately became yellow and was allowed to warm to
room temperature with stirring. After the mixture had been stirred
overnight, the yellow suspension was filtered through celite. Removal of
the volatiles in vacuo provided the product 7 as a yellow solid (3.23 g;

57%). Suitable crystals for an X-ray crystal structure analysis were
obtained from a concentrated solution in toluene at �30 �C. M.p. 104 �C.
1H NMR (CDCl3): �� 7.03 (m, 1H; 4-H�), 6.93 (m, 1H; 3-H�), 6.60 (m, 1H;
3-H), 5.98 (m, 1H; 2-H�), 5.92 (m, 2H; 2-H, 7-H), 5.82 (m, 1H; 5-H�), 5.54
(m, 1H; 5-H), 5.06, 5.04 (each m, each 1H; 8-H, 8-H�), 3.47, 3.38 (each m,
each 1H; 6-H, 6-H�), 0.72, 0.69 (each s, each 3H; Si(CH3)2); 13C{1H} NMR
(CDCl3): �� 141.0 (C4), 135.9 (C7), 128.0 (C3), 127.8 (C3�), 127.7 (C4�),
116.7 (C8), 115.3 (C2), 114.1 (C2�), 113.6 (C5�), 113.5 (C5), 107.9 (C1), 107.8
(C1�), 34.3 (C6), �5.1, �5.3 ppm (Si(CH3)2); elemental analysis calcd (%)
for C15H18SiCl2Zr (Mr� 388.5): calcd C 46.37, H 4.67; found: C 46.26, H
4.70.

X-ray crystal structure analysis of 7: C15H18SiCl2Zr, Mr� 388.5, light yellow
crystal, 0.20� 0.15� 0.05 mm, a� 8.305(1), b� 8.432(1), c� 12.289(1) ä,
�� 90.74(1), �� 96.40(1), �� 108.70(1)�, V� 809.0(2) ä3, �calcd�
1.595 gcm�3, �� 10.68 cm�1, empirical absorption correction by SORTAV
(0.815�T� 0.949), Z� 2, triclinic, space group P1≈ (no. 2), 	� 0.71073, T�
198 K, 
 and � scans, 5175 reflections collected (�h, �k, � l), [(sin�)/	]�
0.65ä�1, 3669 independent (Rint� 0.021) and 3169 observed reflections [I�
2 �(I)], 174 refined parameters,R� 0.030,wR2� 0.061, max. (min.) residual
electron density 0.31 (�0.44) eä�3, hydrogen atoms calculated and refined
as riding atoms.

Olefin metathesis reaction of 2 catalyzed by 4 a: formation of trans-5 and
cis-5 : A solution of 2 (0.60 g, 2.30 mmol) in toluene (10 mL) was added to a
solution of [Cl2(PCy3)2Ru�CHPh] (4a) (57 mg, 3 mol%) in toluene (1 mL)
and stirred for 5 h at 80 �C. The solvent was removed under reduced
pressure and the resulting solid washed with pentane (2� 25 mL) to obtain,
after filtration, compound 5 in a ratio trans/cis (3/1) as an orange crystalline
solid (0.22 g; 40%). trans-5 : 1H NMR (CDCl3): �� 6.94 (m, 2H; 2,5-H),
6.84 (m, 2H; 3,4-H), 5.79 (m, 1H; 7-H), 3.63 ppm (m, 2H; 6-H); 13C{1H}
NMR (CDCl3): �� 142.1 (C1), 129.6 (C7), 123.6 (C2, C5), 122.9 (C3, C4),
34.4 ppm (C6); 1H ± 13C GHSQC{selectively decoupled at 6-H} (CDCl3):
�13C/�1H� 129.6/5.79 (C7/7-H dd 1J(13C-7, 7-1H)� 157 Hz, 3J(7-1H, 7-1H*)�
16 Hz). cis-5 : 1H NMR (CDCl3): �� 6.94 (m, 2H; 2,5-H), 6.84 (m, 2H; 3,4-
H), 5.87 (m, 1H; 7-H), 3.72 ppm (m, 2H; 6-H); 13C{1H} NMR (CDCl3): ��
142.1 (C1), 127.8 (C7), 123.6 (C2, C5), 122.8 (C3, C4), 29.7 ppm (C6);
1H ± 13C GHSQC{selectively decoupled at 6-H} (CDCl3): �13C/�1H� 127.8/
5.87 (C7/7-H dd 1J(13C-7, 7-1H)� 157 Hz, 3J(7-1H, 7-1H*)� 12 Hz); ele-
mental analysis calcd (%) for C14H14Cl6Ti2 (Mr� 490.7): C 34.27, H 2.88;
found: C 34.36, H 2.68.

Olefin metathesis reaction of 2 catalyzed by 4b: formation of trans-5 :
Analogously to the procedure described above: Compound 2 (0.10 g,
0.34 mmol) was metathesized at room temperature by treatment with
[(H2IMes)(PCy3)Cl2Ru�CHPh] (4b) (9 mg, 3 mol%). After filtration,
trans-5 was obtained as an orange crystalline solid (54 mg; 58%). Crystals
suitable for an X-ray crystal structure analysis were obtained from a
concentrated solution in benzene.

X-ray crystal structure analysis of (trans-5 ¥ C6H6): C14H14Cl6Ti2 ¥ C6H6 Mr�
568.8, orange crystal, 0.35� 0.20� 0.10 mm, a� 7.053(1), b� 9.418(1), c�
9.542(1) ä, �� 71.38(1), �� 76.38(1), �� 83.38(1)�, V� 583.7(1) ä3,
�calcd� 1.618 gcm�3, �� 13.76 cm�1, Z� 1, triclinic, space group P1≈ (no.
2), 	� 0.71073, T� 198 K, 
 and � scans, 3967 reflections collected (�h,
�k, � l), [(sin�)/	]� 0.66ä�1, 2788 independent (Rint� 0.018) and 2340
observed reflections [I� 2�(I)], 127 refined parameters, R� 0.032, wR2�
0.071, max. (min.) residual electron density 0.35 (�0.37) eä�3, hydrogen
atoms calculated and refined as riding atoms.

A second set of single crystals of trans-5 were obtained from a concentrated
solution in chloroform with a few drops of benzene. The X-ray crystal
structure analysis gave analogous results, only that in this case no solvent
was included in the crystal. X-ray crystal structure analysis of solvent-free
trans-5a : C14H14Cl6Ti2, Mr� 490.75, red crystal 0.15� 0.10� 0.05 mm, a�
6.478(1), b� 11.844(1), c� 12.430(1) ä, �� 96.13(1)�, V� 948.2(2) A√  3,
�calcd� 1.719 gcm�3, �� 16.78 cm�1, empirical absorption correction
(0.787�T� 0.921), Z� 2, monoclinic, space group P21/n (no. 14), 	�
0.71073 ä, T� 198 K, 
 and � scans, 3787 reflections collected (�h, �k,
� l), [(sin�)/	]� 0.67ä�1, 2272 independent (Rint� 0.036) and 1595 ob-
served reflections [I� 2 �(I)], 100 refined parameters, R� 0.057, wR2�
0.136, max. residual electron density 0.74 (�0.53) eä�3, hydrogen atoms
calculated and refined as riding atoms.

Olefin metathesis reaction of 3 catalyzed by 4 a: formation of trans-6 and
cis-6 : Analogously to the procedure described above: Compound 3 (0.50 g,

Table 2. Propene polymerization with the 7/MAO and 8/MAO catalyst
systems.[a]

Complex T [�C] Al/Zr g PP A[b] Mn
c PDI[c] %mmmm[d]

7 25 1050 12.7 350 1300 2.0 33
8 25 1750 4.5 220 1650[e] 3.0[e] 36
7 60 1050 18.8 540 500 1.5 8
8 60 1750 7.1 340 675 2.1 12

[a] Reaction in toluene, 30 min, 2 bar propene. [b] Catalyst activities (A)
in kg polypropylene/(molZr ¥ h ¥ bar(propene)). [c] Molecular weight [Mn]
and polydispersities (PDI) were determined by GPC using a polystyrene
standard. [d] Determined from a 13C NMR methyl pentade analysis.
[e] Bimodal distribution.
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1.73 mmol) was metathesized by treatment with [Cl2(PCy3)2Ru�CHPh]
(4a) (44 mg, 3 mol%). After filtration, compound 6 in a ratio trans/cis (1/1)
was obtained as a red crystalline solid (0.22 g; 46%). trans-6 : 1H NMR
(CDCl3): �� 6.53 (s, 5H; C5H5), 6.42 (m, 2H; 2,5-H), 6.33 (m, 2H; 3,4-H),
5.62 (m, 1H; 7-H), 3.49 ppm (m, 2H; 6-H); 13C{1H} NMR (CDCl3): ��
137.7 (C1), 129.7 (C7), 122.2 (C2, C5), 116.0 (C3, C4), 119.7 (Cp), 33.8 ppm
(C6); 1H ± 13C GHSQC{selectively decoupled at 6-H} (CDCl3): �13C/�1H�
129.7/5.62 (C7/7-H dd 1J(13C-7, 7-1H)� 157 Hz, 3J(7-1H, 7-1H*)� 16 Hz);
cis-6 : 1H NMR (CDCl3): �� 6.54 (s, 5H; C5H5), 6.42 (m, 2H; 2,5-H), 6.37
(m, 2H; 3,4-H), 5.65 (m, 1H; 7-H), 3.57 ppm (m, 2H; 6-H); 13C{1H} NMR
(CDCl3): �� 137.6 (C1), 128.3 (C7), 122.2 (C2, C5), 115.9 (C3, C4), 119.7
(Cp), 28.9 ppm (C6); 1H± 13C GHSQC{selectively decoupled at 6-H}
(CDCl3): �13C/�1H� 128.3/5.65 (C7/7-H dd 1J(13C-7, 7-1H)� 157 Hz, 3J(7-
1H, 7-1H*)� 12 Hz); elemental analysis calcd (%) for C24H24Cl4Ti2 (Mr�
549.9): C 52.41, H 4.40; found: C 52.90, H 4.30.

Olefin metathesis reaction of 3 catalyzed by 4b: formation of trans-6 :
Analogously to he procedure described above: 3 (0.12 g, 0.41 mmol) was
metathesized by treatment with [(H2IMes)(PCy3)Cl2Ru�CHPh] (4b)
(10 mg, 3 mol%) at room temperature. After filtration, trans-6 was
obtained as a red crystalline solid (69 mg; 61%).

Olefin metathesis reaction of 7 catalyzed by 4 a: formation of trans-8 and
cis-8 : A solution of 7 (0.70 g, 1.81 mmol) in dichloromethane (100 mL) was
brought to reflux temperature. Over a period of 2 h a solution of
[Cl2(PCy3)2Ru�CHPh] (4a) (44 mg, 3 mol%) in dichloromethene
(100 mL) was added by syringe pump and the mixture was stirred for an
additional 2 h. The solvent was removed under reduced pressure and the
resulting solid washed with pentane (2� 25 mL) to obtain compound 8 as a
yellow crystalline solid (0.5 g; 42%). Major product 80% (trans-8):
1H NMR (CD2Cl2): �� 7.01 (m, 1H; 4-H�), 6.91 (m, 1H; 3-H�), 6.56 (m,
1H; 4-H), 6.01 (m, 1H; 2-H�), 5.93 (m, 2H; 2-H), 5.86 (m, 1H; 5-H�), 5.64
(m, 1H; 7-H), 5.58 (m, 1H; 5-H), 5.56 (m, 1H; 4-H) 3.40 (m, 4H; 6-H),
0.74, 0.70 ppm (each s, each 3H; Si(CH3)2); 13C{1H} NMR (CD2Cl2): ��
142.0 (C; C-3), 130.0 (CH; C-7), 128.1 (CH; C-4�), 127.9 (CH; C3�), 127.8
(CH; C4), 115.9 (CH; C-2), 114.7 (CH; C2�), 114.0 (CH; C5�), 113.9 (CH;
C5), 108.7 (C; C1), 108.6 (C1�), 33.3 (CH2; C6),�4.9,�5.2 ppm (Si(CH3)2);
1H ± 13C GHSQC{selectively decoupled at 6-H} (CDCl3): �13C/�1H� 128.3/
5.65 (C7/7-H dd 1J(13C-7, 7-1H)� 155 Hz, 3J(7-1H, 7-1H*)� 16 Hz); ele-
mental analysis calcd (%) for C28H32Cl4Si2Zr2 (Mr� 657.7): C 51.13, H 4.90;
found: C 51.03, H 4.80.

Olefin metathesis reaction of 7 catalyzed by 4a: formation of trans-8 :
Analogously to the procedure described above: 7 (0.59 g, 1.51 mmol) was
metathesized by treatment in toluene or benzene with [Cl2(PCy3)2-
Ru�CHPh] (4 a) (38 mg, 3 mol%) at room temperature. After filtration,
trans-8 was obtained as a yellow solid (0.24 g; 48%).

Olefin metathesis reaction of 7 catalyzed by 4b: formation of trans-8 :
Analogously to the procedure described above: 7 (0.59 g, 1.51 mmol) was
metathesized by treatment in toluene or benzene with [(H2IMes)(PCy3)Cl2-
Ru�CHPh] (4 b) (38 mg, 3 mol%) at room temperature. After filtration,
trans-8 was obtained as a yellow solid (0.29 g; 55%).
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