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Abstract—A new route to polymer-supported cyclopentadienes using nickelocene as a source of cyclopentadiene is discussed.
Nickelocene reacts directly with polymer-supported trityl chloride to yield the cyclopentadiene substituted analogue. With both
Merrifield’s resin and a PEG based bromo-functionalised resin the cyclopentadiene substituted analogues are formed on reaction
of the iodide form of the resin with nickelocene in the presence of triphenylphosphine. © 2002 Elsevier Science Ltd. All rights

reserved.

Catalysis using polymer-supported organometallics is
continuing to gain interest within the chemical commu-
nity.! Advantages of immobilizing metal complexes on
derivitised polymer supports include ease of use and
recyclability. One class of polymer-supported metal
complex is those bearing a polymer-bound cyclopenta-
dienyl unit. These complexes have found uses in, for
example, hydroformylation,? hydrogenation® and olefin
polymerisation catalysis.* In addition, there are many
potential organic synthetic applications for supported
cyclopentadiene complexes that have not been explored
to date.

The conventional method for preparing polymer-sup-
ported cyclopentadiene ligands is by direct reaction of
sodium cyclopentadienide (Na*Cp~) with a suitably
derivitised support such as Merrifield’s resin or other
halogen terminated support. Problems of using this
method are that purification of the resin at the end of
the reaction can be difficult and time consuming; the
sodium cyclopentadienide partaking in undesired side
reactions leading to degradation of the polymer support
or formation of intractable by-products coating the
surface of the polymer spheres. This is especially the
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case when the polymer backbone contains polyglycol
functionalities. In addition, loadings of cyclopentadiene
on the support can vary greatly from one reaction to
another meaning that the reaction is not always
reliable.

Recent attention in our laboratory has been focused on
the use of bis-cyclopentadienyl nickel (nickelocene) as a
reagent for use in organic synthesis.’> Nickelocene
(NiCp,) is commercially available or else readily pre-
pared in high yield from cyclopentadiene and NiCl,.5 Tt
is air and moisture stable although when stored for
prolonged periods should be kept under a nitrogen
atmosphere. The chemistry of nickelocene (NiCp,) was
explored in the 1960s by Werner and others,” but its
potential use as a reagent for organic synthesis has only
been exploited on a few occasions. It has however been
shown that it is possible to alkylate the rings of nickel-
ocene with the concomitant formation of the free
substituted cyclopentadiene.®!' In this letter we show
how this methodology can be used to prepare polymer-
supported cyclopentadienes without the need to use the
much more air and moisture sensitive ionic cyclopenta-
dienide derivatives of alkaline metals such as Na*Cp~.

Our starting point was to study the reaction between
polymer-supported trityl chloride 1 and nickelocene.
Lemenovskii et al. have shown that, using the homoge-
neous analogue (i.e. triphenylmethyl chloride), it is
possible to form triphenylmethylcyclopentadiene in
good yield upon addition of half an equivalent of
nickelocene.® We wanted to see if this was also possible
using 1 and we are pleased to find that indeed it was.
Addition of nickelocene to a THF solution containing 1
led, within 15 min, to the precipitation of NiCl,, indi-
cating that the reaction was taking place and that both
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cyclopentadiene moieties on the nickelocene were being
transferred to the polymer support (Scheme 1). Initially,
a ratio of NiCp,: supported trityl chloride of 1:1 based
on the loading of the resin was used in order to
maximise the formation of the polymer-bound
cyclopentadiene 3, but such a high ratio was found to
be unnecessary. Equally good results were obtained
using a ratio of NiCp,: supported trityl chloride of
0.55:1 with a total reaction time of 30 min.!? Using
commercially available 1 with a loading of 1.27 mmol
Cl/g resin, a loading of cyclopentadiene of 1.15 mmol/g
was obtained.!3

In an attempt to compare directly the nickelocene route
to 2 with that using cyclopentadienide derivatives of
alkaline metals, the reaction was performed using Na*
Cp~. This resulted in a lower loading of cyclopentadi-
ene on the support and also led to decomposition
products which were difficult to remove from the sup-
ported complex even after lengthy washing. This shows
the advantage of the nickelocene route.

It is not unreasonable to suggest that attachment of a
metal complex, especially one of a third row transition
metal, to 2 may prove difficult due to the congestion
around the cylopentadiene unit. As a result it would be
desirable to attach the cyclopentadiene unit to a less
hindered site on a polymer support such as, for exam-
ple, on Merrifield’s resin yielding 3. However, attempts
to prepare 3 by the direct reaction of Merrifield’s resin
with nickelocene were unsuccessful with only starting
materials being detected even after agitating the reac-
tion mixture for 1 week at room temperature. In an
attempt to activate the Merrifield’s resin, Nal was used
as a halogen metathesis reagent (c.f. Finkelstein reac-
tion) to yield polymer-supported benzyl iodide.'*!® This
was then reacted in situ with nickelocene but again with
no success.

Hughes and Trujilo report that alkylation of cyclopen-
tadienyl ligands of nickelocene can be greatly enhanced
by addition of one equivalent of triphenylphosphine to
the reaction mixture.® To investigate whether incorpo-
rating this modification into our reaction procedure
would allow us to prepare 3, we decided to look first at
the reactivity of the homogeneous analogue, namely
benzyl chloride. We found that if a DMF solution of
benzyl chloride with one equivalent of nickelocene, one
equivalent of triphenylphosphine and three equivalents
of sodium iodide is stirred for 30 min the reaction
mixture turns from green to purple (Scheme 2). Work-
up of the reaction mixture allowed for the identification
of the two products formed; namely the desired benzyl
cyclopentadiene (characterised by comparison of NMR
data with that in the literature'®) in 89% yield and
NiCp(PPh,)I. This nickel complex is the same as that
reported in the literature for the reaction of alkyl
iodides with nickelocene. Adaptation of the reaction for
use with Merrifield’s resin was successful and 3 was
formed in good yield (Scheme 2).!”

Using commercially available Merrifield’s resin with a
loading of 1.8 mmol Cl/g resin, a loading of cyclopenta-

diene of 1.1 mmol/g was obtained. The reaction was
found to take around 15 h to reach completion but
monitoring is important because, at extended reaction
times (>18 h) the desired product 3 was observed to
undergo partial reaction with the NiCp(PPh;)I in solu-
tion giving a small quantity of a resin-bound nickel
complex. In solution this is not a problem as contami-
nants can be removed in the work-up, but in the case of
3, removal of nickel contaminants from the beads
proves difficult.

As discussed carlier, the problems of using sensitive
ionic cyclopentadienide derivatives of alkaline metals as
a source of cyclopentadiene are accentuated when the
polymer backbone contains polyglycol functionalities.
In an attempt to show the applicability of the nickel-
ocene route to polymer-supported cyclopentadienes,
we have prepared a cyclopentadiene derivitised PEG
based resin. Reaction of NovaSyn® TG bromo resin'®
with nickelocene, PPh; and Nal in DMF leads to the
desired substituted product 4 (Scheme 3).!° Using
NovaSyn® TG bromo resin with a loading of 0.35
mmol Br/g resin, a loading of cyclopentadiene of 0.28
mmol/g was obtained.?* No decomposition or degrada-
tion of the PEG backbone occurs during the reaction
and the supported complex can be easily obtained in
pure form if the reaction is monitored and worked up
after approximately 15 h (again prolonged reaction
times lead to formation of small quantities of a resin-
bound nickel complex).

In summary, a new route to polymer-supported
cyclopentadienes has been developed using nickelocene
as a source of cyclopentadiene, thereby overcoming the
problems of using ionic cyclopentadienide derivatives of
alkaline metals as a source of cyclopentadiene. Given
the widespread use of cyclopentadienyl complexes in
catalysis and as substrates for organic synthesis this
route to the polymer-supported analogues may find
uses as the starting point for a range of reactions.
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Polymer-supported trityl chloride (polymer matrix
polystyrene crosslinked with 1% divinylbenzene) is com-
mercially available from Nova-Biochem and Aldrich. In a
typical reaction, nickelocene (130 mg, 0.7 mmol) was
added to a Schlenk tube containing THF (20 ml) and 1
(0.5 g of a resin containing 1.27 mmol Cl/g support).
After approximately 10 min, NiCl, was clearly seen to be
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precipitating in the form of a dark brown powder. After
30 min, the polymer beads were filtered together with the
NiCl,. Washing the beads thoroughly with THF,
methanol, water, methanol and THF in this order
removed the NiCl, leaving pure 2.

Loading based on chloride microanalysis of 1 and 2.
Attempts were made to perform a chemical assay to
determine loadings by reacting the resin bound cyclopen-
tadiene with Cookson’s reagent (4-phenyl-1,2,4-triazo-
line-3,5-dione) in a Diels—Alder reaction and then
analysis of nitrogen content. However, we found that this
gave anomalously high results for the loading because of
competitive ene reactions between the resin backbone and
the dione.

The Finkelstein reaction has been used previously for
activation of Merrifield’s resin with success. See for
example: Lipshutz, B. H.; Blomgren, P. A. Org. Lett.
2001, 3, 1869-1871.

The reaction is performed using DMF as a solvent. This
has the advantage over acetone as a solvent for the
Finkelstein reaction in that the beads swell thereby open-
ing more sites for reaction.

. Licht, E. H.; Alt, H. G.; Karim, M. M. J. Organomet.

Chem. 2000, 599, 275.

In a typical reaction, Merrifield’s resin (250 mg of a resin
containing 1.8 mmol Cl/g support) was added to a
Schlenk tube containing a DMF (20 ml) solution of
nickelocene (202 mg, 1.1 mmol), triphenylphosphine (290
mg, 1.1 mmol) and sodium iodide (495 mg, 3.3 mmol).
After approximately 15 min the reaction mixture turned
from deep green to purple-brown indicating that the
reaction was taking place. The mixture was stirred for 15
h during which time the colour turned to a deep purple.
After this time the polymer beads were filtered and
washed thoroughly with THF, water, methanol and THF
in this order, removing the excess Nal and leaving pure 3.
The NovaSyn® TG bromo resin, commercially available
from NovaBiochem, is a composite of low cross-linked
polystyrene and 30004000 MW polyethylene glycol in
which the ends of the PEG chains have been bromo
functionalised.

In a typical reaction, NovaSyn® TG bromo resin (250 mg
of a resin containing 0.35 mmol Br/g support) was added
to a Schlenk tube containing an acetone (20 ml) solution
of nickelocene (17 mg, 0.09 mmol), triphenylphosphine
(23 mg, 0.09 mmol) and sodium iodide (14 mg, 0.27
mmol). After approximately 15 min the reaction mixture
turned from green to purple-brown indicating that the
reaction was taking place. The mixture was stirred for 15
h during which time the colour turned to a deep purple.
After this time the polymer beads were filtered and
washed thoroughly with THF, water, methanol and THF
in this order, removing the excess Nal and leaving pure 5.
The '"H MAS NMR spectrum of 5 shows evidence for the
attachment of cyclopentadiene to the polymer-support,
multiplets between 6.2 and 6.6 ppm being observed.
Loading based on bromide microanalysis of the
NovaSyn® TG bromo resin and 4.
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