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High-molecular weight metal-containing polymers with well-
defined and controlled architectures are of growing interest as a
result of their interesting physical properties and self-assembly to
yield functional supramolecular material$. Ring-opening polym-

erization (ROP) of strained metallocenophanes has been shown to b/

provide a convenient route to polymetallocefdhermal, metal-
catalyzed, or living anionic ROP of silicon-bridged [1]ferro-
cenophanes such agjields polyferrocenylsilanes (PFSs, e3).?

In each of these cases, the polymerization mechanism is believed

to involve cleavage of the bond between the ipso cyclopentadienyl
(Cp) carbon and the bridging silicon atom in the monomer. The
enhanced reactivity of the SCp bonds inl is clear from the
treatment with protic reageriter platinum(0) complexe%Living
anionic ROP ofl induced by organolithium reagents such as Buli,
for example, proceeds via attack of the anionic initiator at the
bridging silicon atom followed by SiCp bond cleavagéChain
propagation involves intermediat8ith a metal-coordinated Cp
anion. This route has permitted access to PFS block copolymers
that undergo self-assembly to form phase-separated metal-rich
nanodomains in thin filmfsor micellar structures in block-selective
solvents’ with a variety of potential applications.
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The cleavage of the Fe&Cp bonds in strained metallocenophanes
was first observed in the reaction of highly strained boron-bridged
[1]ferrocenophanes with metatarbonyls'© In an important recent
development, Miyoshi and co-workers have shown that UV
photolysis of phosphorus-bridged [1]ferrocenophdni& donor
solvents (e.g., THF) leads to Cp ligand slippage (frgfrio 7%)
and ultimately Fe-Cp bond cleavage to form reactive intermediates
of possible structuré, which subsequently further react wigtto
generate ring-opened organophosphorus metallopolyén@ig =
2.9 x 10% with broad polydispersities (PB¥ M,/M, = 1.63)1!
Encouraged by both these observations and a previous &t
benzoylferrocene derivatives can function as photoinitiators for
anionic polymerizations via FeCp bond cleavage, we have
investigated the photolytic reactivity of silicon-bridged [1]ferro-
cenophanes. In this communication, we report our initial observa-
tions of photodissociation of an F&€p bond ofl and, by the use
of an appropriate anionic initiator, the discovery of a new photolytic
living anionic ROP method.

Me Me

@\

™

1

T Present address: Chemical Resources Laboratory, Tokyo Institute of Technol-
ogy, 4259 Nagasuta, Midori-ku, Yokohama 226-8503, Japan.

11434 = J. AM. CHEM. SOC. 2004, 126, 11434—11435

=

4 5 (L = THF)
Unlike the case of4, UV photoirradiation ofl in THF or
acetonitrile led to no observation of a ring-opening reactiofHby
NMR. We therefore explored the addition of more nucleophilic,
anionic initiators. Treatment dfwith a 5-fold excess of moderately
nucleophilic Li[GH4sMe] in THF at room temperature in the
absenceof UV light also led to no reaction. Upon UV irradiation
for 1 h, however, the solution turned from red to yellow in color.
Analysis of the reaction mixture By1 NMR spectroscopy indicated
that 1 was completely converted to yield a ring-opened product
with two multiplets for the SigH, anion atd 5.64 and 5.733
Subsequently, the photoproduct was terminated wid tb afford
a ferrocenylsilane with a dangling silyl substituent-CsH4Me)-
Fe(°-CsH4SiMe;CsHs) (7), in 32% isolated yield, which contains
three regioisomers due to slow hydrogen migration on the Cp ring
(eq 1) This demonstrated that the conjugated éectron Cp
anion species efficiently promoted dissociation of the-Ep bond
of ring-strained ferrocenopharieon photoirradiation.
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2) H,0, - LiOH

Treatment ofl with Li[CsHsR] (R = Me, H) in a 10:1 ratio in
the presence of UV light at room temperature led to analogous
regioisomeric chain end-capped low-molecular weight PB3s (
R = Me, 72%,M, = 3.5 x 10, PDI = 1.18;8b, R = H, 61%,
Mn = 3.3 x 10°%, PDI = 1.35) (eq 2). The signals for each end
group were clearly observed in thid and3C{'H} NMR spectra.
The use of smaller quantities of Lif8,4R] to obtain a higher
molecular weight and an attempt to control the molecular weight
by varying the monomer:initiator ratios at room temperature were
not successful.
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M= Lior Na 8a: R = Me
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Table 1. Photolytic Living Anionic ROP of 12 Supporting Information Available: Experimental procedures for
: _ M, (x 10) the synthesis and characterization7oind 8 (PDF). This material is
reaction isolated available free of charge via the Internet at http:/pubs.acs.org.
run M:P time (h) yield (%) calcd found My/My
1 25:1 2 76 6.0 9.3 1.04 References
2 50:1 2 91 12 17 1.05
3 75:1 4 85 18 24 1.04 (1) (a) Newkome, G. R.; He, E.; Moorefield, C. IChem Rev. 1999 99,
. 1689-1746. (b) Manners, IScience2001, 294, 1664-1666. (c) Steffen,
g 1281 g gg gg Zi ig? W.; Koéhler, B.; Altmann, M.; Scherf, U.; Stitzer, K.; zur Loye, H.-C.;
: : Bunz, U. H. F.Chem. Eur. J2001, 7, 117-126. (d) Bender, J. L.; Corbin,
6 200:1 6 93 48 70 1.12

a Photopolymerizations were run in dry THF at@ under nitrogen with
2.0 M Na[GHs] in THF (from Aldrich) as an initiator. Polyme8b was
isolated after termination with #0 and precipitation into hexane.
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Figure 1. Plot of the mole ratios of monomer:initiator versds of polymer
8b.

Living photolytic anionic ROP ofl was successfully ac-
complished, however, by the use of the more ionic, commercially
available initiator Na[GHs] (2 M in THF from Aldrich) at
subambient temperature (eq2)Variation of the ratio ofl to
Na[CsHs] from 25:1 to 200:1 under UV irradiation at°&, followed
by chain termination with water, afforded samples of BBSvith
controlled molecular weights and narrow polydispersities (PDI
1.04-1.21) (see Table 1). Figure 1 shows the plot of molecular
weights ranging fronM, = 9.3 x 10° to 7.0 x 10%

In summary, we report a new photolytic living anionic ROP
reaction for silicon-bridged [1]ferrocenophafighat proceeds in
the presence of anionic initiator NaJds] via cleavage of the Fe
Cp bonds in the monomé#.This method differs fundamentally
from the previously reported living anionic ROP in the presence
of organolithium initiators such as BuLiwhich proceeds in the
absence of UV irradiation and involves-SCp bond cleavage.
Moreover, the propagating centers for the new photolytic methodol-
ogy are less basic free silyl-substituted cyclopentadienyl anions (as
in 9) rather than more basic iron-coordinated Cp anions (&.in
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This new living photolytic anionic ROP method should offer
opportunities to complement the previous, more conventional
approach by permitting (i) living anionic polymerization of strained
metallocenophanes and (ii) block copolymerizations with monomers
(such as acrylaté§ that, in either case, might undergo side reactions
with more basic anionic propagating centers. Research aimed at
the use of this new methodology to allow access to new metal-
lopolymer architectures is in progress. We are also performing
detailed studies of the polymerization mechanism.
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