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The palladium-catalyzed allylic substitution reaction
of various allylic compounds and nucleophiles is well
established and a remarkably useful reaction in organic
synthesis.! The substitution reaction proceeds through
m-allylpalladium intermediates. There are some applica-
tions of this reaction for polymer synthesis via #°-
allylpalladium complexes.2~* We also reported that the
Pd(0)-catalyzed polyaddition of bifunctional vinylox-
iranes and various nucleophiles afforded new unsatur-
ated polymers having hydroxyl and other functional
groups.? To our knowledge, however, the Pd(0)-catalyzed
polycondensation of propargylic compounds and nucleo-
philes has not been reported so far. It is known that
propargyl carbonates react with active methylene com-
pounds to give dihydrofurans or furans in the presence
of a Pd(0) catalyst.® More recently, Sinou reported that
a Pd(0)-catalyzed condensation of propargyl carbonates
with catechol as an oxygen nucleophile afforded 1,4-
benzodioxins (Scheme 1a).” These reactions show that
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propargyl carbonates have two reaction sites for nucleo-
philic attack. In the course of our studies on the Pd(0)-
catalyzed polyaddition of bifunctional vinyloxiranes and
nucleophiles, we expected that propargyl carbonates
could be polymerized with appropriate nucleophiles to
give the corresponding polymers having exomethylene
groups under palladium catalysis (Scheme 1c). We
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Figure 1. 'H NMR spectra of model 2 and polymer 4af
(CDCls, 300 MHz).

report here a new Pd(0)-catalyzed polycondensation of
propargyl carbonates and bisphenols to give polyethers.

The Pd(0)-catalyzed condensation of methyl propargyl
carbonate (1a)% was first examined using some hetero-
atom nucleophiles as a model reaction because there are
few studies of the condensation of propargyl carbonates
and heteroatom nucleophiles.’27 The Pd(0)-catalyzed
reaction using 2 equiv of nucleophiles to 1a was carried
out in dioxane at 90 °C for 24 h in the presence of Ph-
(PPhs)4 (5 mol % for 1a). Morpholine, saccharin, phthal-
imide, p-toluic acid, and p-cresol were employed as
nucleophiles. Among them, only p-cresol gave the de-
sired 1:2 product 2 in 69% yield (Scheme 1b). Conse-
quently, phenols were judged to be suitable nucleophiles
for the reaction. A plausible mechanism is shown in
Scheme 1b.8> 53-Propargylpalladium intermediate AS$
generated by oxidative addition of Pd(0) to la is at-
tacked by the first p-cresol at the central carbon to
produce intermediate B, which is then protonated to
afford 73-allylpalladium intermediate C. Intermediate
C is attacked by a second p-cresol to give 1:2 product 2.
The 'H NMR spectrum of 2 is shown in Figure 1a. The
exomethylene protons were observed around 4.18 and
4.53 ppm.

On the basis of the results of the model reaction, we
selected bisphenol analogues 3 such as bisphenol A (3f)
and 4,4'-dihydroxydiphenyl ether (3g) as oxygen nu-
cleophiles. The Pd(0)-catalyzed polycondensation with
1la was carried out in dioxane at 90 °C for 24 h in the
presence of Pd(PPhs); (Scheme 1c).? The results are
summarized in Table 1. The polycondensation with
hydroquinone (3d) and 4,4'-biphenol (3e) was not suc-
cessful (runs 1 and 2). Although signals due to the
desired products were observed in the TH NMR spectra
of the reaction mixtures, methanol-insoluble polymers
4ad and 4ae were not obtained. The polycondensation
of 1a and 3f gave the corresponding polyether 4af in a
moderate yield (run 3). The structure of 4af was
confirmed by comparison with IR and NMR spectra of
model compound 2. All of the proton signals of 4af could
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Table 1. Pd-Catalyzed Polycondensation of Propargyl Carbonates 1 and Bisphenols 3¢

run carbonate 1 HO-Ar-OH 3 polymer 4 yield (%) M, M,/ M
= H H |

1 = (13;302""9 0<9-0 i\/Lo—Ar—oé;‘ 0

3d 4ad
HO-)~C)-OH

2 1a YA, 4ae 0
3e

3 1a HO-O)1<-OH 4af 53 3300  1.63
3f

HO~)-0-)-OH

4 1a aYaava 4ag 77 2400 194
3g

5 1a 3g 4ag 100° 3700  2.16
Q

6 1a HO~)—C—)-OH 4ah 16 1400 1.36
3h

N Ph
7 P 1SC°2Me af JO’A"O% 68 2900 1.5
4bf
8 1b 3g 4bg 45 2200 144

@ Conditions: 1a, 1.0 mmol; 3, 1.0 mmol; Pd(PPhj)4, 50 #mol (5.0 mol %); dioxane, 3.0 mL; 90 °C; 24 h. ® Insoluble in methanol. ¢ Estimated
by GPC (based on PSt). ¢ The polymerization with 8g (0.5 equiv to 1a) was carried out in THF at 60 °C for 24 h. ¢ Based on 3g.

be assigned and were in good agreement with those of
2, as illustrated in Figure 1b. In the 13C NMR spectra
of 4af, the exomethylene carbon and methylene carbon
were also observed at 91.1 and 68.0 ppm, respectively.
These spectral data support the structure of 4af. 3g,
which has an ether linkage, was also polymerized with
la to give polyether 4ag in a good yield (run 4).
Interestingly, 4ag with a higher M,, value (M, = 3700)
could be obtained when 0.5 equiv of 3g to 1a was used
(run 5). This reason is not clear at this stage. Judging
from the plausible mechanism (Scheme 1b), however,
it is assumed that the polycondensation could proceed
under stoichiometrically imbalanced conditions® be-
cause oligomeric products produced by reaction of 1la
and 3g can act as HO—Ar—OH during polymerization,
which is similar to the polycondensation reported by
Nomura. In the polycondensation of 1a and 3h, the M,
value and yield of product 4ah were low (run 6). Thus,
the Pd(0)-catalyzed polycondensation of 1a and 3 was
found to be largely affected by the kinds of bisphenol
analogues employed.

Next, we tried the polycondensation by use of a
substituted propargyl carbonate, methyl 3-phenyl-2-
propynyl carbonate (1b). The desired polyether 4bf
could be obtained in a good yield by polymerization of
1b and 3f (M, = 2900, run 7). The polycondensation of
1b and 3g also produced the corresponding polymer 4bg
(run 8). Polymers 4bf and 4bg had mainly Ph-substi-
tuted exomethylene groups.!! Methyl-substituted pro-
pargyl carbonate 1c could also be used (Scheme 2a). The
Pd(0)-catalyzed polycondensation with 1¢c was carried
out at 60 °C for 24 h in THF instead of dioxane because
complex mixtures were obtained by polymerization with
1c and 3 in dioxane 90 °C for 24 h. When 3f was
employed as a nucleophile, the corresponding polymer
4cf was obtained (M, = 3900). The polycondensation of
1c and 3g also proceeded and gave the desired polymer
4cg, the M, value of which was 3000. Interestingly, the
structures of 4cf and 4cg were different from those
predicted from the results of the polycondensation with

Scheme 2. Pd(0)-Catalyzed Polycondensation of
Propargyl Carbonates and 3
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1b. These polymers had exomethylene groups similar
to polymers 4a. In the 'TH NMR spectra of polymer 4bf
and 4bg, the methylene protons (—CHy—O—) were
observed around 4.50 and 4.54 ppm, respectively. Sig-
nals due to the methylene carbons of 4bf and 4bg
appeared at 67.0 and 67.7 ppm, respectively, in the 13C
NMR spectra. On the other hand, in the 'H NMR
spectra of 4ef and 4c¢g signals due to the exomethylene
protons (CHy=C—) appeared around 4.0 and 4.4 ppm,
respectively. In addition, the presence of the methine
carbons of 4cf and 4cg was confirmed by 13C NMR: 73.7
and 74.6 ppm, respectively. These results indicate that
the second nucleophilic attack onto the 73-allylpalladium
intermediates generated from 1 depends on the kinds
of substituents (Scheme 1b). Other bisphenols such as
3d and 3h were not successful for the polycondensation
with 1b and 1e.

Finally, the Pd(0)-catalyzed polycondensation was
attempted by using propargyl carbonates 5 and 6
(Scheme 2b). The polymerization of 5 and 3 was carried
out under conditions where the Pd(0)-catalyzed poly-
condensation with 1 was able to produce the desired
polyethers. Although the complete consumption of 5 was
confirmed by 'H NMR, the corresponding polymers were
not formed, and a complex mixture was obtained. In
addition, the polycondensation of 6 and 3 did not
proceed, and 6 still remained in the reaction mixtures.
Thus, 5 and 6 did not give the desired polymers. The
reason is not obvious at present. The position of a
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substituent in the propargylic moiety seems to be an
important factor for the successful Pd(0)-catalyzed poly-
condensation.

We found that the Pd(0)-catalyzed polycondensation
of propargyl carbonates 1 and bisphenol analogues 3
proceeded successfully and gave novel polyethers. Fur-
ther investigation including the optimization of condi-
tions for this new polymerization is now in progress to
obtain the higher polyethers from 1 and 3.

Supporting Information Available: 'H NMR spectra for
all new polymers. This material is available free of charge via
the Internet at http:/pubs.acs.org.
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(0.058 g, 0.05 mmol) in dioxane (2 mL) bisphenol A (3f; 0.228
g, 1.0 mmol) was added. To the mixture a solution of methyl
propargyl carbonate (1a; 0.114 g, 1.0 mmol) in dioxane (1
mL) was added. After being stirred at 90 °C for 24 h under
an Ar atmosphere, the reaction mixture was poured into
methanol (100 mL) to precipitate the polymer (run 3 in
Table 1). The resulting polymer was filtered off, washed with
methanol, and dried in vacuo (0.142 g, 53%), giving polymer
4af:1 IR (KBr): 3041, 2965, 2871, 1505, 1225, 1176, 832
cm™ L

Nomura reported the Pd-catalyzed polycondensation of
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M. Angew. Chem., Int. Ed. 2001, 40, 1932. (b) Tsurugi, K.;
Nomura, N.; Aoi, K. Tetrahedron Lett. 2002, 43, 469.
Very small signals, probably due to a unit containing an
exomethylene group, were also observed in the 'H NMR
spectra of 4bf and 4bg.
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