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Amino Acid-Bearing ROMP Polymers with a Stereoregular Backbone
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“Living” polymerizations provide materials with well-defined
chain lengths and narrow molecular weight distributions (polydis-
persity indices or PDIs). They also allow the preparation of block
polymers. Among the general classes of living polymerizations,

ring opening metathesis polymerization (ROMP) has been broadly

applied for the synthesis of materials with interesting physical
propertie$ and biological activitie$:®

Although ROMP polymers have been prepared from many
strained cycloalkenes and their derivatitesprbornenes and

oxanorbornenes are used for the preparation of peptide- and

carbohydrate-bearing multivalent ROMP polyme&t§.hese mono-

mers, substituted on the 5-position or on the 5- and 6-positions of

Scheme 1. Ring-Opening Metathesis One-mer Formation
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the norbornene ring, are the most synthetically accessible monomers,thenjum carbene adds to the substrate to form metallocyclobutene
that metathesize efficiently. However, in these systems, stereocon-4 \yhich then undergoes ring opening to the carbonyl-substituted

trol of the polymerization reaction is not always possible. For

ruthenium carben&. When ethyl vinyl ether is added, a second

example, ruthenium-catalyzed polymerization of 5-substituted nor- yetathesis cycle leads to the formation of Fischer cariieard
bornene and oxanorbornene monomers provides stereochemically] 1.disubstituted alken® as a 1:1.4 mixture oZ and E styrene

heterogeneous materid&l&ach monomeric unit contributes three

stereochemical variables that are not controlled in the chain

extension step.Therefore it is difficult to correlate the physical or
biological properties of these polymers with specific structural
features.

For our studies of bi- and multidentate binding to cell surf&ées,
we wished to employ multivalent peptide-bearing polymers in which

olefins.

Next we performed an experiment designed to afford the 10-
mer 7. Catalyst was stirred with 10 equiv of substrdte and
guenching was effected by addition of ethyl vinyl ether. Thie
NMR spectrum of the product exhibited a broad signal for the
aromatic group centered at 7.29 ppm, a broad signal of olefinic
protons centered at 6.22 ppm, and two small olefinic proton signals

structural ambiguities were minimized. We considered the design centered at 5.56 and 5.39 ppm. ComparisomNMR Spectra of

of a ROMP monomer that would provide polymers that were
translationally invariant. A desirable monomer might be an un-
bridged, strained cyclic olefin that contains no chiral centers. A

model compounds (Supporting Information) revealed that the peak
at 6.22 ppm corresponds to the proton at fhposition of the
unsaturated amide and two styrenyl protons, and the peaks at 5.56

1-substituted cyclobutene suggested itself as a possible solution toand 5.39 ppm correspond to the terminal vinyl group. The relative

this problem. If the resulting polymer were to contain no head-to-
tail or E/Z double bond ambiguities, it would meet our criterion.

intensities of the signals were 5:11:1:1 (7.29, 6.22, 5.56 and 5.39
ppm), a ratio that is fully consistent with the internally homogeneous

We postulated that cyclobutene carboxylic acid derivatives might structure7 in which the trisubstituted olefinic bonds have the

undergo ruthenium-catalyzed ROMP with high regiochemical and

and not theZ-configuration. A contribution from protons on a 1,2-

geometric preferences. The literature offers several examples ofdialkyl olefin, which would appear at 5:%.5 ppm, could not be

the ROMP and ROM (ring opening metathesis) of substituted
cyclobutenes 12 including three examples in which the substrate
is a 1-substituted cyclobutefAglndeed, with the (CQWC(CsHs),
catalyst, Katz and co-workers produced translationally invariant (all
head-to-tail E-olefinic) polymerst2d Nonetheless, it was not obvious
that the more functional group-tolerant ruthenium catalysts would
give analogous results with related monomers.

In this communication, we describe the polymerization of
cyclobutene-1-carboxamidewith the Grubbs precatalygf notable

discerned.

Longer polymers, 18-meB8jJ, 35-mer @), and 50-merX0), were
prepared by similar experiments with different ratios of catalyst to
monomer. ThéH NMR spectrum of each showed a peak at 6.22
ppm, the integration of which increased in proportion to the length
of the polymer; no new vinyl peaks appeared.

Additional evidence for the structures of the polymers was
obtained by*3C NMR spectroscopy. In the case Bftwo amide-
substituted alkene carbon signals were observed at 136.4 and 136.2

for its fast initiation rates and the narrow dispersities of the materials ppm. Likewise, thé3C NMR spectra for longer polymers showed

it provides!® The polymers that we obtained, models for peptide-
bearing, multivalent tools for mechanistic studies, had low to
moderate PDIs and were translationally invariant.

A preliminary experiment indicated the regiochemistry of the
metathesis of the substrate with the ruthenium carl#riehus,
substratel, when treated with 1.0 equiv of initiat@; afforded the
ring-opened metathesis proddas a single regioisomer (Scheme
1). This result is consistent with a mechanism in which the
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two distinct peaks at 136.4 and 136.2 ppm. To clarify the identities
of the two peaks, an APT (Attached Proton Test) experiment was
performed on polymeB. The carbon with a peak at 136.4 ppm
has a single hydrogen attached, and the carbon with a peak at 136.2
ppm bears no hydrogens. This experiment confirms that the structure
of the polymer is composed of repeating3 unsaturated amide
units. In total théH NMR, 13C NMR, and APT spectra demonstrate
that the ROMP of cyclobutenecarboxylic amitliés highly regio-

10.1021/ja058801v CCC: $33.50 © 2006 American Chemical Society
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Scheme 2. Ring-Opening Metathesis Polymer Formation Thus, the ROMP of cyclobutenecarboxamitievas regio- and
stereoselective and afforded functionalized polymers with polydis-
persities ranging from 1.2 to 1.6. Related polymers should provide
the basis for applications in both materials and chemical biology
when well-defined stereoregular structures are advantageous. Further
study is in progress to fully characterize the ROMP of cyclobutene

o o " 2, CH,Cl,
~ RT or 40°C

2) Ethyl vinyl ether o o o o amides and other unexploited monomers.
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aNumber average molecular weight by NMRNumber average mo-
lecular weight by GPC using polystyrene standafdsolated yield after
precipitation and silica column chromatography.
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