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Table 1. ROMP of Monomers A and/or B Initiated by Ruthenium
Carbene Complex ®

ROMP is a widespread tool to synthesize well-defined and MeS_NmN_MeS
highly functionalized polymersin particular, ruthenium initia- X CI,,Y "
tors have been employed most often for the synthesis of £ Y CI,'Rlu:\ Q
polymers from a variety of cyclic olefins such as norbornenes A (ex0) PCys Ph < N/n
and norbornadienésThey tolerate a wide range of polar 1
functionalities such as cyahor estet groups in norbornene and/or
derivatives. Additionally, some reports have been shown to CHCly
produce polymers with well-defined microstructures in a living A . 6h O
manner X —
Recently, on the other hand, a detailed mechanistic investiga- v X Y/n
tion of the ROMP ofende and excdicyclopentadiene has B (endo)
shown that the rate difference {9 times) betweeexdende Mes =2:4.6-MesCeH; X, Y = CN, COOE
isomers is primarily due to steric interactions between the _ cis
growing polymer chains and the incoming monorhaithough entry (m[(';’l'g[r"]mo) BIE] 3(’(',2')53' M MM 0‘(309:)3”‘ (o@)e (Igs)f
there have been reports on the reactivity in ROMP using the
exdendqisomers of norbornene derivqtives bearing the polar ; Zggg 100/0 8876 2316_31 1%53876 5566 111101 337741
groups’ in most cases these polar functional groups are the ester 3 100 90 103 1.86 56 112 371
functionalities and a cyano group lie far from a norbornene 4 50 8 78 176 55 112 368
skeleton, which may retard the appropriate evaluation of g 1%8 S 8972 5615 12-7016 5ﬁ6d 10 3252
substituent effect by a cyano group toward the polymerization. 7 100 50/50 94 61 179 ad 136 361
It would be of great interest to evaluate reactivity for each 8 100 25/75 97 51 134 Ad 141 353
9 100  0/100 99 20 1.24 Ad 151 354

of the isomerically purexo andendoenorbornene derivatives
bearing both cyano and ester groups toward polymerization
behavior. However, to the best of our knowledge, there are no
reports in the literature on the ruthenium-initiated ROMP of
such norbornenes including comparison of the reactivity between
exe and endemonomers due to the rather limited synthetic
methods for the simultaneous introduction of different two
functional groups into the norbornene skeleton and isolation as
pure isomericexc andendaeforms.

aThe reactions were carried out under the following conditions @
(1 mL) at room temperature for 6 Rlsolated yield after reprecipitation.
¢ Determined by GPC with polystyrene standafi®etermined byH NMR.
€Measured in a nitrogen atmosphere with a heating rate ofClénin.
f Temperature at 5% weight lossNot determined due to the overlapped
signals in the olefinic region.

The ROMP ofexomonomerA using the first-generation
Grubbs’ initiator, (PCy).Cl,Ru=CHPh, was attempted but

Recently, we reported the palladium-catalyzed cyanoesteri- Suffers from the drawbacks of poor initiation, lower activity,
fication of norbornadiene by ethyl cyanoformate, in which the and incompatibility with a cyano grouwith the introduction
cyano and ester groups can be introduced simultaneously ancPf initiator 1 with higher functional-group tolerance, ROMP of
directly to a norbornene molecule, affording doubly function- €xcisomerA became accessible. - _
alizedexoethyl 3-cyanobicyclo[2.2.1]hept-5-ene-2-carboxylate ~ Under the e_xperlmental protocol adopted with different ratio
(A) with excellent chemo- and stereoselectivifids.addition, of [MJ/[1], the yields, GPC, cis contents around the double bonds
we prepared isomerically purendoform B by Diels-Alder in the polymer backbone, DSC, and TGA of obtained polymers
reaction of freshly cracked cyclopentadiene and et@y3¢ derived fromexomonome_rA are summar_lzgd in entries=b
cyano-2-propenoate followed by a careful separation by column Of Table 1!% All the obtained polyA exhibited monomodal
chromatography on silica gel (Scheme 1). We herein describe molecular weight distributions with a much broader molecular
ROMP of exoisomer A, endoisomer B, and the parent Welght distribution of 1.741.87 and much hlghel' number-
norbornene using the second-generation Grubbs’ catalyst, (H average molecular weights particularly for the formed polymers

IMes)(PCy)Cl.RU=CHPh @) (HzIMes = N,N-bis(mesityl)-4,5- in smaller [MJ/[I] ratios (51 008-361 000) than expected for a
dihydroimidazol-2-ylidene). living polymerization (theoreticaM,: 3820-382 000). The

correlation between theoretical and obserig¢values was
rather poof! These results imply that, witexomonomerA
propagation is significantly faster than initiation resulting in a
poor initiation efficiency, as concluded from tH&l NMR
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Figure 1. 'H NMR spectra (300 MHz, CDG) of poly-A, monomerA, poly-B,

and the contaminated water.

monitoring of the consumption of monomers (vide infra).
Additionally, the broadening molecular weight distribution of
polymers may be due to its propensity to perform intramolecular
backbiting reactiori between the more reactive propagating

and monomeB. The signal with an asterisk is due to the solvent

observed may be a consequence of different molecular weight
and/or tacticity but do not justify detailed analysis.

Mixtures of monomer#&\ andB in different ratios were also
polymerized (entries 68, Table 1). The multiplicity and

chain end and double bonds in the polymer backbone; however,broadening of the backbone resonances are again consistent with
this is probably a minor effect because these polymer chainsa multiplicity of overlapping environments associated with low

are highly sterically shielded.
All polymers obtained were soluble in chloroform, dichlo-

regularities of microstructures. The values of molecular weights
and molecular weight distributions decreased as the fraction of

romethane, and tetrahydrofuran and insoluble in methanol andendemonomeB increased. When the isomerically puaedo
pentane. The IR spectra of all the polymers obtained were very monomerB was polymerized, observed, of 20 000 has an
similar; signals characteristic of the cyano group and ester excellent fit with the calculated value (entry 9, Table 1). The

carbonyl group at 2304 and 1734 cthn respectively, were

narrower molecular weight distribution (1.24) fBrindicates

prominent features of the spectra. The stereochemistry aroundthe living nature.

the double bond in the polymer chain was determined by
integration of the appropriate signals in thé NMR spectra
(Figure 1); the peak ab 5.40 was used to quantify theans
double bond amount, while the signal @t5.25 is indicative
for a cis geometry® On the basis of these observations, the
synthesized polymers derived freeremonomerA have around
56% cis vinylene contents between two rings in the polymer

In the widely accepted mechanism of norbornene ROMP the
initiator approaches the monomer from tegoface of the
double bond# the exdendodisposition of the substituents on
the other side of the ring can have little or no steric effect, but
there may be an electronic effect betwesmdosubstituents
which could increase or decrease thelonor capacity of the
double bond. However, tHéC{'H} NMR spectra of monomers

backbone, indicating that the double bonds are roughly equalrevealedendemonomerB seems to be slightly electron-rich

amounts ofcis andtrans
Although the role of the substituents on the ruthenacyclobu-

relative to monomeA (6 135.9 and 138.4 foA vs 6 133.8
and 137.7 foiB).

tane and the ligand substituent interactions on the stereochem- The exact nature of the propagating species in ROMP is
istry is unknown,cis preference against the thermally stable unknown, but we assume that the living characterization is
trans configuration is presumably due to the steric congestion ascribed to the relatively slow propagatiorBobecause aande

between the polymer backbone or the coordinating norbornenemonomer is capable of coordinating to the Ru center as a bi- or

monomers and the bulkiy-heterocyclic carbene ligands in the
ruthenacyclobutane intermediate during polymerization. Ad-
ditionally, because the employed monom&rherein is an
isomerically pureexaform, but the mixture of enantiomerB/(

9, head-to-tail isomerism would be uncontrollable. In conjunc-
tion with the mixture ofcis andtrans configuration around the
double bonds determined by th¢ NMR of the olefinic region,
the complexity of the signals in tHéC{*H} NMR spectrum of
the bridgehead carbons for poly€an be assigned to an atactic
and/or regioirregular structure.

The polymers synthesized from monordedisplayed similar
glass transition temperatures about 200 and no evidence of
crystalline melting point was detected. A 5% weight loss was
observed for all polymers at about 370. The small differences

tridentate ligand suppressing its polymerization. In a sharp
contrast, in the case ekomonomerA, because two functional
groups are far from the metal center, the smooth propagation
proceeds by the less hindered end of the catalyst to produce
the larger molecular weighs and molecular weight distribution
than that forendemonomer B. Comparing the molecular
weights betweemxc andendemonomers (entry 3 vs 9), the
initiation efficiency forA is 5 times poorer than that fd3.

The cis contents for polyB could not be determined due to
the complicated overlapped signals in the olefinic region, shown
in Figure 1.

The glass transition temperature$,q) of the polymers
obtained fromB (151 °C) are significantly higher than those
observed for polymers derived froexamonomerA (113°C) CDV
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under the same reaction conditions. This is a similar trend to B. More detailed studies on the microstructure analysis of the
higher Ty with increasing the amounts agndemonomers polymers using synthesizing enantiomerically pure monomers
observed for other systerd&>Thus, random copolymerization  and other Ru catalysts and elucidation of block copolymerization
of A with B is effective to adjust the desirel, for different in a living manner are currently under investigation.
purpose, although the yield of the obtained polymers slightly
decreased when moexcmonomer was involved. In a Sharp Acknowledgment. The authors gratefully thank Prof. Hiroshi
contrast, the 5% weight loss for these polymers occurs at aboutNakazawa and Dr. Masumi Itazaki at Osaka City University
354 °C, indicating a slightly poorer thermal stability than the for measurements of elemental analyses. This research was
polymers from theexomonomers (372C). financially supported by the Industrial Technology Research
To gain insights into the mechanistic implication for the Grant Program in 2006 (No. 05A25502d) from New Energy
polymerization, reactions of monomeksandB initiated by 1 and Industrial Technology Development Organization (NEDO)
were monitored byH and3P{*H} NMR spectroscopy. After ~ Of Japan.
the addition of 50 equiv oéxanorbornenéA to 1 in CD,Cl; at
room temperature, the singlet resonance d9.1 due to the
initiator alkylidene hydrogen remains unchanged during po-
lymerization for 6 h. Meanwhile, in th&P{1H} NMR the signal
at 0 30.47 assigned to the Pg&ligand coordinated to the Ru
center also remains unchanged, and no freesRi@gnd ©
11.50) was observed during polymerization. This observation References and Notes
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