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A novel polyaddition of bifunctional
acetylenescontaining electron-withdrawing
groups: 4. Synthesis of polymers having
enone moieties by the reaction of ynones
with bifunctional heteronucleophiles
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Phosphine-catalysedpolyadditionofbifunctionalynoneswithdiolsor withdithiolsisdescribed.Bythetri-
n-butylphosphine-catalysedpolyadditionof aromaticbis(ynone)havingbenzeneringas a spacer(without
methylenegroupadjacentto carbonylgroups)or aliphaticbis(ynone)havingoctamethylenegroupas a
spacerwithp-xyleneglycol,polymershaving,@alkoxyenonemoietiesin themainchainwereobtainedin
highyield.Thepolyadditionof the aromaticbis(ynone)gavea polymercomposedof specificallyE-unit,
whilethat of the aliphaticbis(ynone)sproduceda polymercontainingboth E- and Z-units.Further,the
polyadditionwithdithiolswithbifunctionalynoneswasalsocarriedoutundersimilarconditionsto yield
thecorrespondingpolymercomposedofbothE- andZ-unitsin almostquantitativeyield.Q 1997Elsevier
ScienceLtd.
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INTRODUCTION

Conjugate additions of heteronucleophilestoward unsa-
turated compounds activated with electron-withdrawing
groups have been applied to the synthesis of various
kinds of polymers having various functional groups’. In
spite of potential reactivities and functions of the
resulting polymers, there are a few reports using
diacetylenic compounds having electron-withdrawing
groups as monomers2.

Previously, we have reported the polyaddition of
3,4 The polyaddit~onbifunctional propiolate with diols .

proceedssmoothlyin the presenceof tri-n-butylphosphme
as a catalyst to give polymers having ~-alkoxyenoate
moieties in the main chain (only composed of E-unit,
Scheme l). Becausethe polyadditionmay proceed by the

addition of the phosphine catalyst, the protonation,
followedby the addition–eliminationreaction, the poly-
addition behaviour is expected to be dependent on both
the structure of diacetylenicmonomers and bifunctional
heteronucleophiles used. The remarkable differences
between dithiols and diols in the polyaddition were
observed when dithiols were used as a monomer in
comparison with diols. That is, the polyaddition with
dithiolsproceedsmore smoothlyto obtain polymerswith
higher molecular weights5.Further, the geometric selec-
tivityof @alkylmercaptoenoatemoietiesin the main chain
was found to be dependent on the acidity of the used
dithiols.

Based on the reported results, acyl groups may
activate more strongly than ester moieties. Thus,
bis(ynone)smight be served as more reactive monomers

+ HOR’OH

n-Bu3P /?

- *+-J )OR’O
THF n

Scheme 1

*Towhomcorrespondenceshouldbeaddressed
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Scheme2

‘\R#’R’+ HXR”XH
00 2

1

1A: R’=rFBu,R=/mC6H4- 2a: pHOCH2C6H4CH20H
IB: R’=n-Bu,R=-(CH2)4-
1C: R’=rFBu,R=-(CH2)8-

2b: pHSCH2C6H4CH2SH
2c: pHSC6H4SH

1D: R’=H, R=/n-C6H4-

cat.
44%/+ R~X—R”-X

than bispropiolate for the polyaddition. Further, the
resultingpolymers are expected to have higher reactivity
originated from enone moieties and photo-degradable
functions based on carbonyl groups in the main chain.
Polymershaving analogousstructure havebeen obtained
by a polycondensation via the vinylogousnucleophilic
substitution polymerization of bifunctional @chloro-
enones with dithiolsb.However, this method may have
difficultiesin the designedsynthesisof enone monomers.
Herein, we wish to describe a phosphine-catalysed
polyadditionof bifunctionalynones(1A-D) withp-xylene
glycol(2a)or dithiols(2b–c)(Scheme2).

EXPERIMENTAL
Materials and instruments

Tetrahydrofuran (THF) was dried over sodium
benzophenone ketyl and distilled under nitrogen. Pyr-
idine and triethylaminewere dried over calciumhydride
and then purified by distillation. 2b, 2c, benzyl alcohol,
and tri-n-butylphosphine were purified by distillation
under reduced pressure. 2a was purified by recrystalliza-
tion from ethylacetateand dried in vacuo. Triphenylphos-
phine was purifiedby recrystallizationfrom ethylacetate
and dried in vacuo.

Infrared (i.r.) spectra were obtained with a JASCO
FT/IR 5300 i.r. spectrophotometer. IH and 13Cn.m.r.
spectra were recorded on JNM-EX90, or 400 spectro-
meters in CDC13 (tetramethylsilane as an internal
standard). Mass-spectra were obtained by the EI
method by using a Hitachi M-80 mass spectrometer.
Gel permeation chromatographic analyses (g.p,c.) were
performed on a Tosoh HLC 8020(TSKgelG5000HXL,
G4000HXL, G3000HXL, and G2500HXL, THF as
eluent).

Synthesis of monomers. l,3-Bis(2-heptynoyI) benzene
(1A)

1A was prepared by modification of the method
described in the literature. To a solution of l-hexyne
(10.Og,122mmol)in THF (64ml) was added dropwisen-
butyllithium (1.65M in hexane, 73.9ml, 122mmol) at
–30°C under nitrogen. After 30min, a solution of zinc
chloride (16.6g, 122mmol) in THF (43ml) was added,
and then the temperature of the mixture was allowed to
rise to O°C. To the mixture was added tetrakis-
(triphenylphosphine)palladium (0.70g, 0.610mmol)
and a solution of isophtaloyl dichloride (12.4g, 61.1

mmol) in THF (30ml) dropwise over a few rein, while
keeping the temperature between O and 5°C. After
additional 20min at 25°C, 200ml of hexane was added
and the mixture was poured into a saturated aqueous
solution of ammonium chloride. After vigorous stirring,
the layers were separated and the aqueous layer was
extracted once with IOOml of ethyl acetate. The
combined organic solution was washed four times with
150ml portions of a saturated aqueous solution of
ammonium chloride and subsequently dried over mag-
nesiumsulfate.After the evaporation of the solvents,the
residuewas purifiedby column chromatography on silica
gel (hexane/ethyl acetate = 20/1) to give 9.51g
(32.3mmol, 53.07%)of 1A. Rf = 0.63 on t.1.c. (SiOz,
hexane/ethylacetate= 4/1); i.r. (neat) 2959,2872,2205,
1649,1298,1225cm-l; 1H n.m.r. (90MHz, 6, ppm) 0.98
(t, .l = 6.66Hz, 6H, CH3CHZ-), 1.20-2.00(8H, -CJY-),
2.54 (t, J = 6.62Hz, 4H, –CHZC=C–), 7.60 (t, J =
7.92Hz, IH, –C,#fl-), 8.34 (old, J = 1.53 and 7.74Hz,
2H, –C#-), 8.87 (t,J = 1.53Hz, IH, –C&q-); ‘3C
n.m.r. (22.5MHz, 6,ppm) 13.6,19.0,22.2,29.9,79.6,98.0,
128.9,130.8,134.2,137.4,177.2;m.s. (EI) m/z 294(M+).

5,13-Octadecadiyn- 7,12-dione (lB)
IB was prepared by modification of the method

described in the Iiteratureg. To a solution of I-hexyne
(4.48g, 54.6mmol) in THF (30ml) was added dropwise
n-butyllithium(1.65M in hexane, 33.1ml, 54.6mmol) at
–30”C under nitrogen. After 30min, a solution of zinc
chloride (7.43g, 54.6mmol) in THF (20ml) was added,
and the temperature of the mixturewas allowedto rise to
O“C.A solution of adipoyldichloride(5.00g, 27.3mmol)
in THF (13ml) was added dropwise over a few rein,
maintaining between 5 and 10”C.After the addition, the
cooling bath was removed and the temperature was
allowed to rise to ambient temperature. Stirring was
continued for an additional 1h at room temperature,
then the mixture was poured into a saturated aqueous
solution of ammonium chloride. After vigorous stirring,
the layers were separated and the aqueous layer was
extracted three timeswith 30ml portions of ethyl acetate.
The combined organic solution was washed with 50ml
portions of a saturated aqueous solution of ammonium
chloride four times and subsequentlydried over magne-
sium sulfate. After the evaporation of the solvents, the
residuewas purifiedby columnchromatography on silica
gel (hexane/ethyl acetate = 20/1) to give 3.06g
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(11.2mmol, 40.9%) of IB. Rf = 0.60 on t.1.c. (Si02,
hexane/ethyl acetate= 4/1); i.r. (neat) 2959,2872,2213,

1 IH n.m.r. (90MHz, 6, ppm) 0.93 ‘bt’1674, 1460cm- ;
.I = 6.57Hz, 6H, CH3CHZ–), 1.20–2.00(12H, –CHZ–),
2.37 (t, .l = 6.57Hz, 4H, –CHZC=C–), 2.55 (bt,
Y= 6.84Hz, 4H, –CH2C0-); 13Cn.m.r. (22.5MHz, 6,
ppm) 13.4, 18.6,21.9, 23.3, 29.7, 45.1, 80.8, 94.5, 187.6;
m.s. (EI) m/z 274 (M+)

Similarly, 5,17-docosadiyn-7,16-dione (lC) was
obtained in 67.5°/0 yield: Rf = 0.62 on t.1.c. (Si02,
hexane/ethyl acetate= 4/1); i.r. (neat) 2934,2861,2213,
1674, 1464cm-l; 1H n.m.r. (90MHz, 6, ppm) 0.93 (h,
J = 6.57Hz, 6H, CH3CH2–), 1.20–2.00(20H, –CH2–),
2.37 (t, J = 6.57Hz, 4H, –CH2C-C–), 2.52 (t, J = 7.29
Hz, 4H, –CH2C0–); 13Cn.m.r. (22.5MHz, 6,ppm) 13.4,
18.6,21.9, 24.0, 28.8, 29.0, 29.7, 45.4, 80.9, 94.1, 188.3;
m.s. (EI) m/z 274 (M+) 330.

l,3-Bis(l-propynoyl) benzene (lD)
ID was prepared in two steps:to a solution (224mmol)

of ethynylmagnesium bromideg in THF (260ml) was
added slowlya solution of isophthalaldehyde(15.0g, 112
mmol) in THF (120ml). After 30rein, the reaction
mixture was poured into saturated aqueous solution of
ammonium chloride containing crushed ice. The organic
layer was separated and the aqueous layer was extracted
twicewith a 25ml portion of ether. The organic extracts
were combined with the first organic layer and the
combined extract was dried over magnesium sulfate.
After the evaporation of the solvent, the residue was
purified by column chromatography on silica gel
(hexane/ethyl acetate= 10/1)to give 15.2g (81.7mmol,
72.0%) of l,3-bis(l-hydoxypropynyl)benzene:Rf = 0.10
on t.1.c. (Si02, hexane/ethyl acetate = 2/1); i.r. (neat)–1.IH n.m.r. (90‘Hz) 8)3358,2874,2118, 1690,1605cm ,
ppm) 2.58 (br, IH, –OH), 2.67 (d, J = 2.43Hz, IH,
HC-C), 5.45(d, J = 2.25Hz, IH, –CH(OH)–), 7.1–8.0
(4H, -C@-).

To a mixture of acetone (140ml), water (43ml), and
concentrated sulfuric acid (15.9g) was added l,3-bis(l-
hydoxypropynyl)benzene(13.1g, 70.4mmol) at 10”C.A
solution of chromium oxide (10.1g, 101mmol) in
water (34ml) was added dropwise over 40rein, main-
taining the temperature between 10 and 15”C. After
additional 2h at 20°C, the solution was poured into ice
water and the mixture was extracted four times with a
25ml portion of ether. The combined organic layer was
washed with saturated aqueous ammonium chlorideand
dried over magnesium sulfate. The crude products
remained after the removal of the solventunder reduced
pressure was purified by column chromatography on
silica gel (hexane/ethyl acetate = 15/1) to give 7.50g
(41.2mmol, 58.6%) of ID: Rf = 0.29 on t.1.c. (Si02,
hexane/ethylacetate= 4/1); i.r. (KBr) 3227,2101, 1638,

–1.IH n.m.r. (90MHZ,6,ppm) 3.57(s>IH’1597,1208cm ,
HCEC), 7.67 (dt, J = 0.45 and 7.29Hz, IH, ‘C(j~4-),
8.41 (old,J = 1.71 and 1.71Hz, 2H, ‘C(j~4-), 8.91 (dt,
J = 0.45 and 1.80Hz, IH, ‘C(jH4-); ‘3Cn.m.r. (22.5
MHz, 6, ppm) 79.8, 81.9, 129.3, 130.8, 134.7, 136.6,
176.1.

Model reactions. Typical procedure
To a solution of 1A (213mg, 0.724mmol) and benzyl

alcohol (156mg, 1.44mmol) in THF (1.4ml) was added
tri-n-butylphosphine (29mg, 0.144mmol) at room tem-
perature. After stirring for 12h, the reaction mixturewas

concentrated under vacuum. The residue was purified
by column chromatography on silica gel (hexane/ethyl
acetate = 20/1) to give 322mg (0.631mmol, 87.3°/0)of
1,3-bis(3-benzyloxy-2E-heptenoyl)benzene(4A); Rf =
0.54 on t.1.c. (hexane/ethyl acetate= 4/1); i.r. (neat)
3065, 3034, 2957, 2870, 1657, 1568cm-l; IH n.m.r. (90
MHz, 6, ppm) 0.95 (bt, J = 6.39Hz, 6H, CH3CH2-),
1.2–2.0 (8H, –CH2–), 2.94 (t,J = 7.38Hz, 4H, –CH2
(BnO)C=), 5.01 (s, 10H, Cfj~&Hz-), 6.25 (.s, 2H,
=CH-), 7.40 (S, 5H, C@-), 7.49 (t,J = 8.19Hz, IH,
‘C,5~~-), 7.98 (old,J = 1.53 and 8.19Hz, 2H, ‘C(j~4-),
8.39(t,J = 1.53Hz, IH, ‘Cfjf%-); 13Cn.m.r. (100MHz,
6, ppm) 13.9, 22.7, 29.6, 32.9, 70.4, 96.9, 126.7, 127.5,
128.3,128.5,128.7,130.8,135.5,140.7,178.1,189.4;m.s.
(EI) m/z 510(M+).

Similarly,the adduct (4D) was prepared as follows.

1,3-Bis(3-benzyloxy-2E-propenoyl) benzene (4D)
Yield 41.7Yo;Rf = 0.10 on t.1.c.(hexane/ethylacetate

=4/1); i.r. (neat) 3065, 3034, 2934, 1663, 1601, 1580,
1316, 1148cm–1. IH n.m.r. (400”MHz, d, PPm) 5-05 (s’

4H, C6H&H2-&2C02Me), 6.50 (d, J = 12.0Hz, 2H,
BnOCH=CHCO–), 7.41 (m, 10H, C6H5CHZ–),7.54 (t,
J = 7.80Hz, IH, ‘C&4-), 7.88 (d, J = 12.OHZ,2H,
BnOCH=CHCO–), 8.05 (d, J = 7.60Hz, 2H, ‘C(j~4-),
8.37(s, IH, ‘C&4-); 13Cn.m.r. (100MHz, &ppm) 74.0,
102.7, 126.9, 127.6, 127.8, 128.5, 128.8, 134.6, 135.0,
138.9,164.2,189.7.

Polyadditions. Typical procedure
A polyaddition of 1A with 2a was carried out as

follows:to a THF (1.6ml) solution of 1A (184mg, 0.626
mmol) and 2 (86mg, 0.626mmol) was added tri-n-
butylphosphine (63mg, 0.312mmol) at ambient tem-
perature. After stirring for 3h, the reaction mixture was
diluted with THF (3.4ml) and was poured into hexane
(100ml).The precipitatewas filteredand was dried under
vacuum. 3Aa: 192mg (71.10/o);i.r. (neat) 2957, 2932,–1. IH n.m.r. (90MHz, 6!2870,1655,1566,1157,1101cm ,
ppm) 0.95 (bt, J = 6.39Hz, 6H, CH3CH2–), 1.10–2.00
(8H, -CH2-), 2.94 (bt, J = 7.29Hz, –CH2CH=), 5.04
(S,4H, ‘C(j~~C~+), 6.28(S,2H, =CH-), 7.41(S,4H,
-C6H4-), 7.2-7.8 (lH, m-cocfj~dco-), 7.99 (d,
J = 7.74Hz, 211i m-cocfj H4C0–), 8.43 (s, IH, m-
COC&4C0-); C n.m.r. (100MHz, 6, ppm) 13.9,22.7,
29.7, 32.9, 70.0, 96.9, 126.8, 127.4, 127.6, 127.9, 128.5,
130.9,135.7,140.6,178.0,189.3.

Similarly, other polymers (3Ca, 3Ab, and 3Ac) were
prepared as follows:

3Ca (from IC and 2a): Yield 84.4%; i.r. (neat) 2930,
2859, 1678, 1586, 1462, 1429, 1375cm-l; IH n.m.r. (90
MHz, 6, ppm) 0.98 (bt, J = 6.66Hz, 6H, CH3CH2-),
1.00–2.00 (20H, –CH2–), 2.40 (bt, J = 6.39Hz, 4H,
–CHZ(–CH20)C=), 2.80 (bt, J = 7.47Hz, 4H, –
CH2C0–), 4.86 (S, 4H, ‘OC~&H~-), 5.11 (S, Z–
=CHCO–), 5.52(S,E-=CHCO–), 7.39(S,4H, ‘C(jH4-),
E/Z = 87/13; 13Cn.m.r. (1OOMHZ,6, ppm) 13.8,22.5,
24.7, 29.2, 29.6, 32.3, 69.5, 99.6, 127.8, 135.8, 175.1,
199.3.

3Ab (from 1A and 2b): Yield 96.07.; i.r. (neat) 2959,
2930, 2870, 1645, 1593, 1549, 1188cm-l; IH n.m.r. (90
MHz, 6, ppm) 0.94 (bt, J = 6.66Hz, 6H, CH3CHZ–),
1.00-2.00 (8H, -CH2-), 2.63 (br, Z-CH2(-CHZS)C=),
2,89 (br, E-CH2(–CH2S)C=), 4.12 (s, 4H,–SC112C6H4–
), 6.63 (S, E-=CHCO-), 7.02(S,Z-=CHCO-), 7.20-7.75
(5H, -C&&, m-coc(j~qco-), 7.84 (d, J = 7.74Hz,
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E-m-COC&4C0-), 8.05 (d, J= 7.74Hz, Z-nz-COC6
H4C0–), 8.39 (br, IH, nz-COC&4C0–), E/Z= 69:31;
13Cn.m.r. (22.5MHz, 6,ppm) 13.8,22.0,22.3,22.7, 32.0,
32.3, 34.8, 35.1, 36.4, 113.1, 115.9, 127.2, 128.6, 129.1,
129.3, 129.6, 131.1, 134.0, 134.4, 135.9, 138.9, 139.9,
140.0,167.1, 186.2,187.3.

3Ac (from 1A and 2c):Yield 100.OYO;i.r. (neat) 3063,
2957, 2930, 1637, 1534, 1470, 1194cm-l; IH n.m.r.
(90MHz, 6, ppm) 0.45-2.00 (14H, CH3CH2CH2-), 2.31
(br, Z-CHZ(-S)C=), 2.93 (br, E-CHZ(-S)C=), 6.45 (br,
E-=CHCO-), 7.16 (br, Z-=CHCO-), 7.20-8.70 (8H,
~-c0c&4c0-, ‘c(j~4-), E/Z = 36/64; 13C n.m.r.
(100MHz, 6,ppm) 13.6,13.8,21.9,22.0, 22.7,25.2,31.9,
33.7, 33.9, 37.0, 115.8, 116.2, 127.4,128.8, 128.9,131.0,
131.5, 131.8, 132.4, 133.1, 133.8, 135.7, 136.0, 136.5,
136.7, 138.7,139.3,139.6,165.3,167.0,186.8,187.7.

3Bc (from IB and 2c): Yield 98.4?40;i.r. (neat) 2957,
2932, 2870, 1667, 1562, 1466, 1360cm‘1; IH n.m.r. (90
MHz, & ppm) 0.72 (bt, J = 6.03Hz, 6H, CH3CH2-),
0.80-1.95 (12H, -CH2–), 2.17 (br, 4H, -COCH2–), 2.55
(br, Z-CH2(-CH2S)C=), 2.80 (br, E-CH2(-CH2S)C=),
5.65(s, E-= CHCO–), 6.34(s, Z-=CHCO–), 7.53(.s,4H,
‘C6~4-), E/Z= 21/79; 13Cn.m.r. (22.5MHz, 6, ppm)
13.6, 13.9, 22.0, 22.6, 24.1, 24.5, 29.1, 29.3, 31.6, 31.8,
33.4, 36.3, 36.4, 43.3, 44.3, 118.5, 118.7, 119.6, 119.8,
131.7, 132.2, 133.0, 133.6, 135.6, 135.9, 136.2, 136.6,
160.0,160.3,163.7,197.3,199.0.

3CC(from IC and 2c): Yield 92.3%; i.r. (neat) 2930,
2857,1670,1564,1466,1356cm-l; IH n.m.r. (90MHz, 6,
ppm) 0.72 (bt, J = 6.39Hz, 6H, CH3CHZ–),0.80–1.95
(20H, -CH2-), 2.15 (br, 4H, -COCiY2-), 2.45 (t,
J = 7.02Hz, Z-CHJ(–CHZS)C=), 2.81 (t, J = 7.29Hz,
E-CH2(–CH2S)C=), 5.63 (s, E-=CHCO–), 6.32 (s, Z-=
CHCO-), 7.53 (s, 4H, ‘cb~~–), E/Z= 33/67; 13C
n.m.r. (22.5MHz, 6, ppm) 13.1, 13.6, 13.8, 22.0, 22.1,
22.3, 22.6, 23.5, 23.7, 23.8, 24.1, 31.6, 31.8, 33.5, 36.3,
36.4, 43.0, 44.0, 118.4,118.6, 119.0, 119.6,119.7,131.6,
132.2, 133.5, 135.6, 136.0, 136.2 136.6, 160.4, 160.6,
164.0,196.7,198.3,198.5.

RESULTS AND DISCUSSION
Model reaction

The model reaction of bis(ynone)s(1A and ID) with
benzyl alcohol was carried out in THF for 12h at
ambient temperature using amines or phosphines as a
catalyst (Scheme3). In the case of a terminal ynone (lD)
(Table 1, runs 1-3), the trialkylphosphinewas effectiveto
obtain adduct (4D) (run 3). However, the yields were
rather low in the case of ID because of the formation
of oligomeric side-products which were probably
produced by the anionic chain reaction of ynone

‘%%=’”+‘nOH
o 0

1

A: R=rFBu,D: R=H

moieties. A substituted ynone (1A) gave a better result
by using tri-n-butylphosphine (run 6). In the case of
triphenylphosphine (run 5), the a,~-dienone which
resulted from the isomerization of the ynone was found
to be a major product9110.

Polyaddition
Polyaddition of 1A with p-xylene glycol (2a) was

carried out in THF (0.4M) at room temperature for 8h
in the presence of tri-n-butylphosphine (20molO/O)to
obtain the polymerhaving~-alkoxyenonemoietiesin the
main chain in 72°/0yield.The number averagemolecular
weight (Mn) and the molecular weight distribution
(MW/M.) were estimated to be 5900 and 1.28, respec-
tively (g.p.c., PSt).

The structure of the obtained polymer (3Aa) was
identified by IH, 13C,and i.r. analyses. From the IH
n.m.r. spectrum, a signal of olefinicprotons in the main
chain was observed at 6.27ppm (Figure 1)11.Thus, the
geometry of the ,&alkoxyenonemoietieswere confirmed
to be only E-isomer, similar to the polyaddition of
propiolates with diolss,4. The double bonds were
detected quantitatively from the integral ratio between
the peak and other ones. Thus, any side reactions
induced from the produced double bonds are negligible.

The molecular weight of the obtained polymer was
monitored by g.p.c. after a designated reaction time
(Figure 2). When the polyaddition of 1A with 2a was
carried out in the presence of tri-n-butylphosphine (20
molO/O)in THF (0.4M), both monomers were consumed
instantly and the increase in the molecular weightof the
polymer was completed within 30min. Because the
internal bis(ynoate)monomers required 6h to complete
the polymerization with 2a under similar conditions,
bis(ynone)swere found to have much higher polymeriz-
ability in comparison with bis(ynoate) systems.

Table 1 Addhionofbenzylalcohol(BnOH)tobisynones(1A,ID)a

Run R Catalyst Yield(%)

1 H C5H5N ~b

2 Ph3P 37
3 n-Bu3P 42
4 n-Butyl Et3N ~b

5 Ph3P –c

6 n-Bu3P 87

“ Reaction was carried out inTHF (0.5 M) at r.t. for 12h under nitrogen
using a catalyst (20molY0)
bBisynone was recovered quantitatively
‘ A mixture containing &alkoxyenone and a,~-dienone moieties
(isomerized product of ynone) was obtained (Y. 18 and 63Y0,
respectively, from ‘H n.m.r.)

Catalyst

%4’11-foBn
“040”

Scheme3

3658 POLYMER Volume 38 Number 141997



Synthesis of polymers having enone moieties: H. Kuroda et al.

I

d b,c

1

d

h

a

TMS

1

8 6 4 2 Oppm

Figrsrel ‘H n.m.r. spectrum of 3Aa

105 104 ,.3 M.W. (PSt)
l’” ‘ ‘ ‘ , l“ ‘a ‘ ‘ 1’‘ ‘ ‘ ‘ I , a I

3h

30 min

5 min

I I I I I I I I I 1 1 I I I I

10 20

elutionvolume (mL)

Figure 2 G.p.c. traces for the polymerization of 1Awith 2a after designated reaction time

Polymerization conditions

The polyaddition of 1Awith 2a was carried out in the
presence of various concentrations of the catalyst
(ranging from 5 to 80mol%, Table 2).When 5mol%
of the catalyst was used, oligomersand 1Awere obtained
as a soluble part in hexane. This might be due to some
side reactions that deactivated the phosphine catalyst,
similar to the case of bis(ynoate)monomers314.However,
the polyaddition proceededsmoothlyby usingmore than
IOmol% of the catalyst. Similarto the resultsobtained in

polyaddition of bis(ynoate)with diols3>4or dithiolss, the
higherconcentration of catalyst was found to be suitable
to obtain polymerswith higher molecular weights.

The polyaddition of 1A with 2a was examined by
varying concentrations of two monomers keeping the
stoichiometricconditions (Table 3). Although the mole-
cular weight and the yield were rather low due to the
formation of oligomersat lower concentrations (O.1M),
the polyaddition at higher concentrations, gave the
polymer having higher molecular weight in higher
yieldsl”.
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Table 2 Effect of the concentration of the catalyst on the polyaddition
of 1Awith2a”

Run n-Bu3P (molO/O) Yieldbl% Mn(Mw/Mn)’

1 5 0 —
2 10 62 4900(1.31)
3 20 72 5900(1.28)
4 50 71 7000(1.30)
5 80 74 6700(1.29)
“PolyaddidonwascarriedoutinTHF(0.4M)atroomtemperaturefor
3hundernitrogenusingn-Bu3Pasa catalyst
bIsolatedyieldafterprecipitationwithMeOH
CEstimatedbyg.p.c.(PSt,THFasaneluent)

Table 3 Effect of the concentration of two monomers under
stoichiometric concentrations”

Run Cone./M Yieldbl% Mn(Mw/144n)c

1 0.1 54
2

5500(1.22)
0.2 67 5800(1.26)

3 0.3 66 5900(1.27)
4 0.4 71 7000(1.30)
5 o.5’f 77 6600(1.28)
“Polyadditionwascarriedouth THFat roomtemperaturefor3h
undernitrogenusing n-Bu3P (50mol%’0)as a catalyst.
b Isolated yield after precipitation with MeOH
c Estimated by g.p.c. (PSt, THF as an eluent)
d Saturated concentration of 2a

Table 4 Effect of the feed ratio of monomers (lA/2a)”

Feed ratio
Run 1A:2a Yieldbl% Mn(MW/M.)c

1 1.0 : 1.3 61 5100(1.21)
2 1.0:1.2 65 5400(1.23)
3 1.0:1.1 73 6200(1.28)
4 1.0:1.0 71 7000 (1.30)
5 1.1 : 1.0 81 7500 (1.39)
6 1.2 : 1.0 83 7700 (1.44)
7 1.3 : 1.0 74 6300 (1.57)

“ The polymerization was carried out in THF (0.4M) at room
temperature for 8 h under nitrogen with n-Bu3P (50mol%)
bIsolated yield after precipitation with MeOH
c Estimated by g.p.c. (PSt, THF as an eluent)

Table 5 Polyaddition of various ynones with diol or dithiols

The polyaddition between 1A and 2a was performed
under various feed ratios of two monomers (Table 4).
The molecular weight of the resulting polymers
decreased in the presence of excess 2a as is usual for
the polyadditions. However, the molecular weight did
not decrease by using a slightly excess amount of 1A,
similarto the polyadditionof internal ynoate4.The result
might be explainedby the anionic chain reaction of end-
ynone groups.

Polyaddition of various bis(ynone)s with diols or dithiols
The polyadditionsof 2a were carried out with various

bis(ynone)s(1A-C) (Table 5). Both aromatic ynone (1A)
and aliphatic ynone (lC) yielded the corresponding
polymers in high yields (runs 1–3). Although the
polymer (3Aa) composed of only E-unit was obtained
in the case of the aromatic bis(ynone)(1A), the aliphatic
bis(ynone)(lC) produced the polymer (3Ca) containing
both E- and Z-units (87 and 13%, respectively)from *H
n.m.r. spectrum (Figure 3)11. In the polyaddition of
bis(ynoate)swith dithiols5,the formation of Z-unit was
found to be enhanced as the increase of acidity of the
dithiols, which can be rationally explained by the more
rapid protonation of zwitterionic intermediates pro-
duced by addition of the phosphine catalyst. In the
present cases, the same diol (2a) was used for the
polyaddition of both 1A and IC. Thus, the rate of the
protonation from hydroxyl groups should be the same.
Accordingly,the differencemight be originated from the
bis(ynone)part. As proposed in Scheme 4, the formation
of Z-unit can be explained by considering an intramo-
lecularproton transfer process.The ynonemoietiesin IC
possessacidic protons at the a-position of the carbonyl
group, from which, the proton transfer might take place.
After the intramolecular process, the reaction may
proceed by the protonation with the hydroxyl group,
followed by the addition–elimination reaction with the
alkoxide.

By the reaction of IB with 2a, the corresponding
polymer (3Ba)was not obtained in spite of the complete
conversion of IB. An unexpected bicyclic compound
(5) was obtained presumably as a result of a cyclization
reaction of IB induced by the anion generated at
~-position of carbonyl group (Scheme 5)13. This result
may support the presence of the intramolecular proton
transfer process.

R in X in

Run (rz-BuC=CCO),R p-HXC6H4XH Yieldcj% Mn(Mw/Mn)e E :Zf

1“ m-C,&- (1A) -CH20- (2a) 7od 7000(1.30)
2“ +CH2+, (lB) -CH20- (2a) o —
3“ +CH2+S (lC) -CHZO- (2a) 84 6800(1.45)
Ab rn-C@- (lA) -CHZS- (2b) 96 10800(1.77)
5b mC,H,- (1A) -s- (2C) 100 18100 (2.33)
hb +CH,j, (lB) -s- (2C) 98 15100 (1.72)

7b +CH2 +S (lC) -s- (2C) 92 20100 (1.87)

“The polyaddition was carried out in THF (0.4M) at room temperature for 3h under nitrogen with n-Bu3P (50mol%)
bThe polyaddition was carried out in THF (0.5 M) at room temperature for 1h under nitrogen with n-Bu3P (20m01°A)
cIsolated yield after precipitation with hexane
d ~501at~ Yie]d after precipitation with MeOH

e Estimated by g.p.c. (PSt, THF as an eluent)
/’Detemined by IH n.m.r. (90MHz)

100:0
—
87: 13

69: 31

36: 64

23: 67

36 :64
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The polyaddition of dithiols (2b–c) with 1A was also
examined under similar conditions. Compared with the
case of diols, the polyaddition proceededmore smoothly
to givepolymers (3Aband 3Ac)having highermolecular
weights. Further, the resulting polymerscontained both
E- and Z-units, and the Z-selectivity increased as the
increase in the acidity of dithiols used (runs 4 and 5),
similar to the polyaddition of ynoates5. As proposed in
the bis(ynoate)s system, the rate of the polyaddition is
influenced by a protonation process in Scheme 4,
Heteronucleophiles with higher protonation abilities,
therefore, increase the rate of polymerization and Z-
selectivityof the produced double bonds. Furthermore,
the higher protonation ability of dithiols was found to
suppress the side-reactionwhich occurred in the case of
2B with la (runs 2 vs 6).

As the polymers obtained from bis(ynone)s are
composed of novel /3-alkoxyenonemoieties in the main
chain, the uniquecharacter (e.g.,reactivity,degradability,
etc.) may be expected.
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