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Summary

Polymerization ofN-substituted 2-propynamides proceeded in the presence (b Pd
catalysts such as [Pd(GEN)](BF,), PdC|(PhCN)-n-BuLi, and PdC(nbd)n-

BuLi. The molecular weights of the obtained polymers ranged 8,500 to 14,000,
depending on the catalysts. From tHeNMR spectra, these polymers were found to
have alternating double bonds in the main chain.

Introduction

Polymers having amide functional groups often exhibit unique properties. For
example, the highly hydrophilic character of amide groups contributes to the water-
solubility of poly(acrylamides) and poly(oxazolines). Intermolecular hydrogen
bonding between the main chains of aromatic poly(amides) also plays an important
role for their excellent thermal stability. Thus, introduction of amide linkage onto
conjugated polymers such as substituted polyacetylenes would enable the production
of new optoelectronic materials. Unfortunately, the polymerization of acetylenes
conjugatively connected with amide groups, 2-propynamides, has gathered little
attention so far, and only the polymerization of unsubstituted 2-propynamide has been
briefly communicated [1]. In this paper, we demonstrate the first example of the
polymerization oN-substituted 2-propynamide (Scheme 1).

- Transition metal ‘(CH:C>—
—CONHR catalysts | n

CONHR

Scheme 1. Polymerization of N-substituted 2-propynamide
Experimental

Instruments

'H NMR spectra were recorded on a JEOL EX-400 spectrometer. IR spectra were
measured using a Shimadzu FTIR-8100 spectrophotometer. Number- and weight-
average molecular weightsM(, and M, respectively) of the polymers were
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determined by gel permeation chromatography (eluent, THF; three Shodex columns
KF805L; polystyrene calibration).

Materials

CH,CN, toluene, THF, anisole, and dioxane were distilled by the standard procedures.
Water was deionized by ion-exchange resin (G-10C, Organo). Commercially
available MoOC] (Strem), [(nbd)RhC]] (Aldrich), Fe(acetylacetonate)(Nacalai
Tesque), PdCl(Nacalai Tesque), Pd(dhajAZmax), Pd(nbd)Cl (Aldrich), n-BuLi

(1.50 mol/lL in n-hexane, Kanto Chemical};BuLi (1.54 mol/L in n-pentane, Kanto
Chemical), MeLi (1.14 mol/L in ED, Kanto Chemical), and Zn (1.00 mol/L inn-
hexane, Kanto Chemical) were used without further purificatioBu,Sn was
purchased from Tokyo Kasei, distilled under reduced pressure from calcium hydride,
and stored as toluene solution (200 mmol/L). WD) (AsPh), [ 2 ],
(nbd)Rh(HO)(tos) [3], ReQMe [4], Ni(PPh)CI, [5], [Pd(CHCN)J(BF,), [6]
Pd(PhCN)XCL, [7], Pd(PPR,CI, [8], and Pd(dppf)Cl[9] were prepared as described

in the literature. N-Substituted 2-propynamides were prepared according to the
reported method [10].

Procedures

Polymerizations were carried out in a Schlenk tube equipped with a three-way
stopcock under dry nitrogen. The resulting polymers were isolated by precipitation in
a large amount of-hexane and dried under reduced pressure.

Results and Discussion

Polymerization

W and Mo catalysts are effective in the metathesis polymerization of various
substituted acetylenes and cycloolefins, while Rh and Fe catalysts induce the insertion
polymerization of monosubstituted acetylenes [11], [12]. PolymerizationN-of
butyl- and n-octyl-2-propynamides was first examined by using these traditional Mo,
W, Rh, and Fe catalysts (Table 1).

No product that precipitated in hexane was obtained in the Meo€EL,Sn and
WCI,(CO),(AsPh), systems. On the other hands, [(nbd)RhQlhich polymerizes
propiolic esters in acetonitrile [13], provided a hexane-insoluble product as yellow
powder. However, GPC antH NMR analyses suggested that the product involved
the dimer of N-nbutyl-2-propynamide. A  water-soluble Rh catalyst,
(nbd)Rh(HO)(tos), which polymerizes acetylenes having polar groups [14], was less
effective and produced only low molecular weight oligomers. In a similar way, only a
low molecular weight product was obtained with Fe(adaghl. The
ReQMe-EtAl system, which is known to induce metathesis polymerization of
cycloolefins [15], also failed to produce the polymer. Thus, these conventional
catalysts were unsuitable for the polymerizatioN-@ubstituted 2-propynamides.

Gorman et al. have reported that Ni(PRH, and [Pd(CHCN)](BF,), are effective
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in the polymerization ofN-unsubstituted 2-propynamide to yield polymers wht)

of 9,200 and 2,500, respectively [1]. However, only a low molecular weight product
with M, of 1,300 was formed fronN-n-octyl-2-propynamde when Ni(PRICI, was
employed. In contrast, the polymerization dN-n-butyl-2-propynamde with
[PA(CHCN),J(BF,), proceeded to give a polymer witkl, of 14,000. Therefore,
Pd-based catalysts are likely to promote the polymerizationN-etibstituted 2-
propynamides.

Table I. Polymerization of HC=CCONH-R with Various Transition Metal Catalysts 2

catalyst solvent R yield (%)P M,° M,°

MoOCl,-n-BuySn? toluene n-Bu 0 - -

WCly(CO);(AsPh;),° toluene n-Oct 0 - -

[(nbd)RhCl], CH;CN n-Bu 55 160 170
{nbd)Rh(H,0)(tos) H,0 n-Bu 30 1,400 2,600
Fe(acac);-Et;Alf toluene n-Oct 16 590 730
ReO3;Me-Et;Al 8 toluene n-Bu 8 720 1,100
NiCly(PPhs), I DMF n-Oct 38 1,100 1,300
Pd(dba), toluene n-Bu 50 1,500 1,600
[PA(CH3CN)4](BF,4), toluene n-Bu 32 2,700 14,000

2 at 30 °C, 24 h, [M]g = 0.50 mol/L, [cat] = 10 mmol/L; b 1-hexane insoluble-products;

¢ values measured by GPC (eluent THF) and calibrated with polystyrene standards; 9 [#-Bu,Sn]
=10 mmol/L; © at 60 °C, [cat] = 4.0 mmol/L; f[cat] = [Et3Al] = 20 mmol/L; & [Et3Al] = 40
mmol/L; " at 80 °C.

The polymerization ofN-butyl-2-propynamide using various Pd-based catalysts was
next investigated in order to improve the yield as well as molecular weight of the
polymer (Table Il). When Pd(PhCJ0), was used in the absence of any cocatalyst, a
hexane-insoluble product was obtained in high yield, but this product only had a low
molecular weight. In contrast, Pd(PhQBl) combined withn-BuLi was effective to

yield a polymer withM, of 11,000. A relatively high molecular weight polyméd (

= 8,500) was also obtained with Pd(nbch&BuLi. Pd(PPH,Cl-n-BuLi and
Pd(dppf)Cl-MeLi systems produced only low molecular weight products in low
yields. Strongly ligating phosphine ligands appeared to reduce the catalytitiestiv

Table II. Polymerization of HC=CCONH-n-Bu with Various Pd(II)-Based Catalysts 2

catalyst yield (%)® Me M,°
FCLEERL o T T T
PdCI,(PhCN),~n-BuLi 73 2,400 11,000
PdCl,(nbd)-n-BuLi 63 2,500 8,500
PdCl,(PPhs),-n-BuLi 27 1,100 1,600
PACL,(dppf)-MeLi 35 1,400 1,600

T T

2 in toluene, 30 °C for 24 h, [M]y = 6.50 mol/L;"[Pci.]u: [cocatalyst] = 10 mmol/L; ® n-hexane

insoluble-products; © values measured by GPC (eluent THF) and calibrated with polystyrene
standards.
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The conditions for the Pd(PhCR),-n-BuLi catalyzed polymerization were further
optimized by changing tre akyl meta cocaadys (Table Ill). When t-BuLi, Meli,

and n-Bu,Sn were employed, the yields of the products increased but the molecular
weights decreased in comparison with the system wwBuLi. The yields and
molecular weights of the products were also unsatisfactory in the casegmfaBtl

EtAl. Thus,n-BulLi is the most suitable cocatalyst for the Pd(PhCIN)system.

Table III. Effect of Cocatalysts on the Polymerization of HC=CCONH-rn-Bu with
PdCl,(PhCN),?

cocatalyst yield (%)° M,° My*
— 100 1,300 1,800
n-BuLi 73 2,400 11,000
t-BuLi 100 1,400 1,900
MeLi 72 1,600 2,000
n-Bu,Sn 94 1,200 1,600
Et,Zn 17 900 1,000
Et;Al 14 800 970

3 in toluene, 30 °C, 24 h, [M], = 0.50 mol/L, [cat] = [cocatalyst] = 10 mmol/L; ® n-hexane

insoluble-products; € values measured by GPC (eluent THF) and calibrated with polystyrene
standards.

Table IV shows the effects of solvents. The polymerizations in polar solvents such as
anisole and dioxane provided low yields of low molecular weight oligomers. In THF,

a high molecular weight polymer was obtained. However, 'theNMR spectrum
indicated that the main chain of this polymer contained the unit formed by the
hydrogen migration polymerization (see below). This is because the base-catalyzed
hydrogen migration polymerization dfi-substituted 2-propynamide readily proceeds

in polar solvents [16]. Thus, less polar solvents such as toluene are suitable as
solvents.

Table IV. Effect of Solvents on the Polymerization of HC=CCONH-z-Bu with
Pd(PhCN),Cl,-n-BuLi?

solvent yield (%)° M,© M,©
Toluene 73 2,400 11,000
Anisole 23 780 900
Dioxane 49 1,000 1,200
THF 30 5,700 11,000

a at 30 °C, 24 h, [M] = 0.50 mol/L, [cat] = [z-BuLi] = 10 mmol/L; ® n-hexane insoluble-
products; € values measured by GPC (eluent THF) and calibrated with polystyrene standards.

Finally, the effect of the concentration nfBuLi was investigated (Table V). When
the concentration oh-BuLi was more or less than that of the Pd catalyst, only low
molecular weight products were obtained. The reaction of palladium salts with
alkyllithiums generally gives the corresponding alkylpalladiums. When the formed
alkylpalladiums possess @&hydrogen, they are unstable and readily decompose to
give palladium hydride complexes. Therefore, the palladium hydride formed in situ is
likely to contribute to the initiation.
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Table V. Effect of the Concentration of n-BuLi on the Polymerization of HC=CCONH-n-Bu
with Pd(PhCN),Cl,-n-BuLi?

[n-BuLi} / [Pd] yield (%)® M,° M,S©
0 100 1,300 1,800
0.25 100 1,200 1,800
1 73 2,400 11,000
2 75 1,200 1,500
4 45 1,600 3,900

2 in toluene, 30 °C, 24 h, [M], = 0.50 mol/L, [Pd] = 10 mmol/L; ® n-hexane insoluble-products;
¢ values measured by GPC (eluent THF) and calibrated with polystyrene standards.
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Figure 1. IR spectra of monomer and
poly(HC=CCONH-n-Bu) prepared with
Pd(PhCN),Cl,-n-BuLi.

Figure 2. 'H NMR spectra of monomer and
poly(HC=CCONH-n-Bu) prepared with
Pd(PhCN),Cl,-n-BuLi (measured in
CDCl,).

Characterization

Figures 1 and 2 show IR anti NMR spectra ofN-n-butyl-2-propynamide and
poly(N-n-butyl-2-propynamide) prepared with Pd(Ph@MN)}n-BuLi. The IR
spectrum of N-n-butyl-2-propynamide exhibited the stretching vibration GfCCat
2108cni. This peak completely vanished after the polymerization. SimildHy,

NMR indicated that the peak due to the acetylenic proton in the monomer was not
observed in the spectrum of the polymer. Thus, the triple bond of the monomer was
completely consumed upon the polymerization. If the polymerizatioN-sfibstituted
2-propynamides proceeds through the hydrogen migration process, the resultant
polymers contain secondary amide repeating units, -CH=CH-CO-NR-, in the main
chain [16]. In the IR spectrum of the present polymer fidmbutyl-2-propynamide,

the absorptions of the deformation and stretch vibrations N-H band were detected at
1541 cnt and 3400 crh respectively. TheéH NMR spectrum did not display the
peaks at around 5.8 and 8.3 ppm which are assigned to the -CH=CH- double bonds
formed by the hydrogen migration process. In contrast, a very broad peak was seen in
the region of 5-8 ppm in the present polymers. This is a typical phenomenon for
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substituted polyacetylenes with less controlled stereoregularity. Therefore, the main
chain skeleton of this polymer should be the alternating double bonds.
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