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Summary

Polymers having Fischer-type alkoxycarbenes in the side chain were mthes
by the reaction of pendant hydroxy groups with  pdacabonyltungsten
acebxyphenycarbene [(CQW=C(Ph)QCCH, 2]. Namely, ©polymers of methyl
methacrylate with 4-hydroxybutyl methacrylate [poly(MMA-co-HBMA), 3b] were
prepared and subjected to the reaction v@tlderived fromtetramethylammonium salt of
pentacaonyltungsten hydroxyphelgarbene [(CQW=C(Ph)ON(CH),, 1] with
acetyl chloride. Soluble apolymers 4b) with pendant metal-carbene segments were
obtained, andH NMR and UV spectroscopic analyses indicated that the metal-carbene
moiety was intoduced onto 20-70% of hydroxy groups of the copolymers. In contrast,
the introdwtion of carbene moiety into aopolymer of MMA with 2-hydroxyethyl
methacrylate[poly(MMA- co-HEMA), 3a] was unsuccessful because no reaction with
took pdace. The formed polymer 4b) served as a polymeric catalysior the
polymerization of phenylacetylenader the photo-irradtion.

Introduction

One of the recent focuses is placed on the metal-carbene complexes because they
nicely induce many kinds of reactions and polymerizatighs It is unforturate that
synthesis of metal-carbene containing polymers is quite limited despit@rolsgect that
they act as a new class of reactive polym@k These backgroundstisulated us to
synthesize metal-carbene containing polymers, and we recentlyorted the
polycondenation of difunctional Fischer-type alkoxycarbenes withandnes to the
polymers with aminocarbenes in the main ch8). Although this approach readily
allows the formation of stable organanetallic polymers, unsatisfamty reactivity of
aminocarbenes would inhibit their application as polymeric catalysts or rea@@nts
Therefore, the synthesis of a polymer toning akoxycarbenes which are moreactive
than aminocarbenes is advantageous for the ptmou of carbene-based reactive
polymers. Furthermore, the ability of kakycarbenes to itiate the metathesis
polymerizations of cyclic olefins and acetylengs] would pemit the use of such
polymers as polymeric catalysts.

An early attemptfor the access to the labxycarbene cdaining polymer has been
reported by Macomber et al. who demonstrated the polymerization of
pentacaonyltungsten  thoxyvinyicarbene [(CQW=C(OCH)CH=CH,).  Although
this is undoubtedly the most dot gproach to themetal-carbene containing polymer,
isolation of extremely unstable anomers is required, and the resulting polymer is
insoluble unless the carbene unit is oxidatively cleay2d On the basis of these
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backgrounds, we now report a new convenigrgthod for the prepation of a polymer

with alkoxycarbenes in the side chain. Ourastgy includes the reaction of alwls

with acebxycarbenes, which serves as a convenient approach to alkoxycarbenes [6]. We
investigated the reaction of pentdmanyltungsten acebtxyphenycarbene 2) with
pendant hydroxy groups of copolymers ofethyl methacrylate MMA) with either 2-
hydroxyethyl — methacrylate [poly(MMA-co-HEMA), (39)] or 4-hydroxybutyl
methacrylate [poly (MMA-co-HBMA), (3b)] (Scheme 1). Apgdication of the formed
metal-carbene containing polymed) (as a polymeric catalystor the polymeization of
phenylacetylene is also described.

Results and discussion

Acetoxycarbenes are readily formed in situ by the reaction of acetyl chloride with
ammonium salts ohydroxycarbenes as shown in 8ofe 1[6]. The acebxycarbenes are
sequentially reacted with alhols to produce the corresponding alkoxycarbenes in good
yield. This reaction is generally germed in chlorimted solvents such as (@, and
CHCI,. Because the hoopolymers of HEMA and HBME are insoluble in such
solvents, we employed the copolymers wiMMA. These opolymers were readily
prepared by the typical radical polymerization technique in toluene at 80°C by using
AIBN as an initiabr. Introdwction of the carbene moiety was carried out by the addition
of acetyl chloride to the solution af in CHCI, at -20°C, which was followed by the
addition of a CHCI, solution of3. The results are summarized in "Table 1.

The carbene-containing polyme#a was not attainablefrom 3a because the
reaction of3a with 2 did not take placeunder the conitions where alkoxycarbenes are
readily obtainedfrom low mdecular weight alohols (runs 1 and 2). The use of
trifluoromethanestdibnyl chloride ingsead of acetyl chloride gave a similar res(iin 3).
The reaction in the presence dfl,N-dimethylamnopyridine DMAP) which often
enhances the nucleophilicity of alwls also led to an unstessful result because the
reaction of 2 with DMAP domirated over the desired reactidnun 4). This can be
explained by the low nuobphilicity of hydroxy group of3a. In contrast, the reaction of
2 with 3b smoothly took face, giving the arresponding carbene-aaming polymer 4b)
(runs 5 and 6).4b was readily isolated by the reprecipitation into hexa@enversion
of approxmately 70% of hydroxy group into the alkoxycarbene ietp was possible
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Table 1. Synthesis of alkoxycarbene-containing polymers (4) by the reaction of 2 with
3.

run 3 time (h) 4
m:n M, (M, /M,)? acb:c? M, (M, /M)
3a 90:10 6600 (2.01) 1 90:10:0 nd®
Z 2 90:10:0 nd®
3¢ 2 90:10:0 nd®
4¢ 2 90:10:0 nd®
5 3b 90:10 9000 (2.16) 2 90:8:2 10300 (2.02)
6 24 90:4:6 10900 (1.97)
7 73:27 10200 (2.44) 2 73:9:18 12900 (2.09)

* Estimated by GPC (THF, PSt). ° Determined by 'H NMR. ° Not determined. ¢ CF3SO,Cl was
used instead of acetyl chloride. °In the presence of N,N-dimethylaminopyridine.
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Figure 1. 'H NMR spectrum of 4b (run 6 in Table 1, in CDCl;, 1t).

(run 7). Increase in the molecular weight distribution was not observed after the
reacton, which indcates the absence of the reaction between the polymer chains.

Characterization of4b was carried out by'H NMR and UV-vis spectroscopic
analyses. In the'H NMR spectrum (Figure 1), the anatic protons andmethylene
protons aghcent to the &ioxycarbene groups (Hb) were observed &at7.4 and 5.0,
respectively. The integration of the signals readily gave the degree of tbduition of
carbene unit. In contrast to the absence of an absorpti®db oh UV-visible region, 4b
exhibited absrption maxima eund 250 and 400 nm, which were also observed in the
UV spectrum of the corresponding low lmoular weight wingsten carbene complex
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Table 2. Polymerization of phenylacetylene in toluene.?

run catalyst conv. (%)°  yield (%)° M, (My/M,)"
1 5 9 6 11300 (3.20)
pe 5 nd® 37 37000 (3.10)
38 5 42 34 29700 (2.96)
48 4b (a:b:c =90:8:2, M, = 10300) 4 nd" nd"
58 4b (a:b:c = 90:4:6, M, = 10900) 11 nd’ nd’
68  4b (ab:c =73:9:18, M, = 12900) 8 ndf ndf

*50°C, 24h; [M] = 1.0 M, [W] =20 mM. ® Determined by GC. ° Methanol-insoluble part.
¢ Estimated by GPC (PSt, THF). ° Bulk polymerization. ' Not determined. ® UV-irradiated.

[(CO).W=C(Ph)OCH, 5]. The results of UV titration of the pendant carbene unit well
agreed with those estimated ¥ NMR spectroscopy.4b was soluble in most of
organic solvents such as toluene, chloroform, and THF and stable enough teates tr
under air.

As mentioned above, Fischer-type tungsten alkoxycarlemneorks as catalyst for
the polymerization of cycloolefins and substituted acetylefi®@s which would enable
the produced polymer to fation as a polymeric catalystfor the acetylene
polymerizaton. Thus, we investagjed the polymerization of phenylacetylene wid
and its model compound, and the results are listed in Table 2. Polymerization of
phenylacetylene with5 in toluene provided only a lowisld of the polymer(run 1),
which stemsfrom the low catalytic activity of 5. A moderate yield of the polymer was
only accessible when the polymerization was carried out in fuwlk 2). These results
are consistent with the previous results [5d]. On the contrary, we found that the photo-
irradiation remarkably enhances the activity %f which led to a moderate yield of the
polymer even by the solution polymerizatiqgrun 3) [7]. Based on these results, the
polymerization of phenylacetylene witdb was carried out in toluene under photo-
irradiation (runs 4-6). Although the conversion of the monomer is not aifsfaction
similarly to the general feature of polymempported catalysts,'H NMR of the product
clearly spported the fonation of poy(phenyacetylene). Namely, the signals
attributed to the phenyl and vinyprotons of poly(pherigcetylene) were clearly
observed. The presence of the signals due to the unreacted carbene moietiesHn the
NMR spectrum of the productneans that a part of carbene species contributed to the
polymerizaton. GPC prdfe of the prepolymer4b did not shift toward high molecular
weight region after the polymerization of phenylacetylene, andhaulder due to the
formed poly(phenkacetylene) was observed in the GPGrve of 4b. This reveals that
the poly(phenkacetylene) chain does not graft4b.

In summary, we demonstied an alternative andomvenient approach to a
polymer with metal-carbene moiety in the side chaimough the polymer eaction.
Relatively high degree of irddwction of metal-carbene moiety was attainable, and the
resulting polymer has proven to work as a polymexatalystfor the polymeization of
phenylacetylenender photo-irraition.
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Experimental

Materials  All the solvents used were distilled by the standambcedures.
Acetyl chloride was distilledrom PQ,. 1 [6c] and 4 [8] were prepared by the reported
manners. 4-Hydroxybutyl methacrylate was prepared by theondenation of
methacrylic acid with a large excess b#-butandiol in the presence pftoluenesulfonic
acid in toluene followed by the hoomatographic puration (SiQ, hexane-ether).3a
and 3b were synthesized by the standard radical polymerization technique by using
toluene as a solvent and AIBN as an initiator at 8@tGh.

Measurements The molecular weights of the polymers were estimated by gel
permeation bromatography (THF as an eluent, polystyrene standards). KEttrap
UV-visible spectra, and NMR spectra were aeled on a Smadzu FTR-8100
spectrophotmeter, a Shimadzu U¥200 sectrophotoneter, and a JEOLGSX-270
spectrometer, respectively. Gashr@matographic analyses were carried out with a
Shimadzu @-8A gas chrmatograph.

Reaction of2 with 3. The procedure for run 5 (Table 1) is described as &dlyp
example. Into a solution of (250 mg, 0.5 mmol) in CjEl, was added dropwisacetyl
chloride (39 mg, 0.5 mmol) at -20°C to forth After stirring the solution for 40 min, a
CH,CI, solution (7 mL) of3b (530 mg, 0.5 mmol of hydroxy group) was slowly added to
the solution containing. The resulting mixture was stirred for 2h at rt. Aftdtrdtion,
the filtrate wagoured into a large amount of hexane to gils€500 mg).

Polymerization of phenylacetylene wittt. Following is the procedure for run 6 in
Table 2. A THF solution (3 mL) containingb (131 mg), phengcetylene (306 mg, 3
mmol), and bromobenzene (standard) was phototated with a450W high pressure Hg
lamp at 800 nm at rt for 24h. The rdsag solution was poured into a large excess of
hexane to precipitate thproduct.
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