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Simultaneous hydrogenation and hydroacylation of vinyl groups in
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Chul-Ho Jun* and Duck-Chul Hwang
Department of Chemistry, Yonsei University, Seoul, 120-749, Korea
(Revised 14 February 1998)

Vinyl groups in phenyl-terminated polybutadienga) containing 99% unsaturation (27% vinyl group, 73%
internal olefin), and for which the averalyg, is 3400, were simultaneously hydrogenated and hydroacylated with
various aromatic or heteroaromatic primary alcohols in the presence of the catalytic systeytHRDPPh and
2-amino-4-picoline. Sterically less hindered alcohols, such as benzyl alcohol, showed greater reactivity than
sterically more hindered alcohols, such as 2-naphthylmethanol and heteroaromatic primary alcohols. Vinyl groups
in phenyl-terminated polybutadiengh)) containing 99% unsaturation (45% vinyl group, 55% internal olefin) and

for which the averag#l, is 1300 also showed similar reactivity toward various primary alcohols under identical
reaction conditions© 1998 Elsevier Science Ltd.

(Keywords: polybutadiene; hydrogenation; hydroacylation)

Introduction Experimental

The chemical modification of an unsaturated polymer in  In this experiment we chose two kinds of phenyl-
the presence of a catalyst offers a potentially useful methodterminated polybutadiene (PTPB): onda) contained
for the synthesis of special polymers with desirable 73% of the internal olefin (a) and 27% of the vinyl group
functional groups. In this method, the desirable functional (b), and the otherl) 55% of the internal olefin and 45% of
groups can be introduced into available unsaturation sites inthe vinyl group.flawas reacted with benzyl alcohd)(at
polymers. Polybutadiene is a good starting chemical 15C°C for 24 h in the presence of a mixture of RRE,0
material for this purpose because it is available, in various (10 mol%), PPh (20 mol%) and 2-amino-4-picoline
ranges of molecular weights, with different ratios in the (100 mol%) Figure 3.1
vinyl group/internal olefin. The majority of these modifica- After the reaction, the mixture was purified by column-
tions are hydroformylatioft, aminomethylatio®®, hydro- chromatography to give the benzoyl group-impregnated
carboxylatiod®, hydrosilatio?™*%, and hydrogenatiord—16 polymer5ain 83% yield. Supplementary data relating to the
Hydroacylation of polybutadiene was also reported by compounds synthesized in this work are listed in
hydroiminoacylation of polybutadiene with carboxaldi- Appendix A.
mine, followed by hydrolysis of the resulting ketimite
Since this indirect hydroacylation reaction requires several

steps to achieve C—C bond coupling, direct intermolecular Results and discussion

hydroacylation using 2-amino-3-picoline was develdfed The polymer5awas characterized by i.r*H n.m.r. and
However, application of this method to the polymer was *C spectroscopy. The i.r. band of the carbonyl peak in the
found to be less efficient. benzoyl group appeared at 1687 tmThe characteristic

Recently, a new C—C bond-coupling method was band of the vinyl group at 913 cmidisappeared completely
invented for primary alcohols and 1-alkeh&sThe primary while those of the trans-1,4-internal olefin at 968 ¢rand
alcohol reacted with 1-alkene in the presence of the catalystthe cis-1,4-internal olefin at 696 cit remained. The*C
system RhCJ.H,0, PPh and 2-amino-4-picoline to give a n.m.r. spectra also showed the characteristic pealksa.of
ketone with the formation of alkané&igure 1). While the signals of vinyl carbons at 143.0 and 114.2 ppm

Initially, the primary alcohol is oxidized to an aldehyde
with the reduction of 1-alkene to a.lkane by the rhodium T The ratio of the vinyl groups and internal olefins was calculated by
catalyst. Subsequent hydroacylation of aldehyde and measuring the integration of the vinylic GHbeak at 4.9-5.0 ppm, the
1l-alkene in the presence of the rhodium catalyst and internal —-CH-CH— peak and the vinylic —CH peak at 5.3—5.6 ppnia

2-amino-4-picoline produces a ketortéigure 2). Since the andlbwere purchased from Aldrich Chemical Co. The vinyl content of the

1-alkene works as a hydrogen acceptor as well as acommercial PTPBXa,labelled as 25% vinyl) was recalculated By NMR
hvd lati b . | hvd . dspectra to give 27% of the vinyl group, and the vinyl content of the
ydroacylation substrate, simultaneous hydrogenation andgoymercial PTPB b, labelled as 45% vinyl) was recalculated as 45%

hydroacylation are possible for polybutadiene. In this paper vinyi.
we report a method for incorporating aromatic or hetero- #The following is an example of a typical experimental procedure: a screw-
aromatic groups into the vinyl groups of the polybutadiene, capped pressure vial (1 mL) was charged with 42.0 mg (0.2 mmol) PTPB

. . : : - 1a, 4.5 mg (0.02 mmol) of RhGIH,0 (3), 10.5 mg(0.04 mmol) of triphe-
while hydrogenating the vinyl groups and internal olefins of nylphosphine, 21.6 mg (0.2 mmol) of 2-amino-4-picoling), (108 mg

the polybutadiene. (2.0 mmol) of benzyl alcohol2) and 184 mg (2.0 mmol) of toluene. The
solution was flushed with nitrogen, and it was heated af@50r 24 h.
After the reaction the mixture was purified by column chromatography
*To whom correspondence should be addressed. E-mail: junch (hexane:ethyl acetate 5:2) to give 47.1 mg (83% yield based upba)
@alchemy.yonsei.ac.kr of 5a
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Figure 1 Hydrogen-transfer oxidation of primary alcohol to aldehyde and consecutive hydroacylation of 1-alkene
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Figure 2 Presumed reaction mechanism
(I?Hz CH,OH
(IJH
Ph(CHz—CH:CH—CHZ)a—(CHZ—CH)EPh
1a: a=73 %, b=27% 2
1b: a= 55 %, b=45%
O*q@
CH, CHs CH,
CH CH, CH,

Ph~{ CH,~CH=CH~CHy)5{CH;— CH;—CHy—CHy Yot CHy— CHip{ CH, —CH-Jq{ CH, —~ CH-)g Ph

5a: a= 65%, c= 8%, b= 0%, d=10%, e= 17%
5b: a=51%, c= 4%, b= 0%, d= 23%,

83% (isolated yield)

e=22% 79% (isolated yield)

Figure 3 Reaction of polybutadiene and benzylalcohol in the presence of catalytic system of HRIGZIPPh and 2-amino-4-picoline

in la disappeared completely iBa, new peaks from the

took place in the vinyl groups exclusively, hydrogenation

benzoylmethylene group appeared at 36.0 ppm for the occurred in the internal olefins as well as the vinyl groups.

«-CH, to the carbonyl group as well as 200.6 ppm for
the carbonyl group. ThEC n.m.r. chemical shift of the C{1

The internal olefin and vinyl group ifha showed different
reactivities for hydrogenation (8%/10% for the internal

peak of the ethyl group generated from the hydrogenation of olefin/vinyl group, respectively). The higher reactivity of
the vinyl group appeared at 10.8 ppm. The amounts of the vinyl group compared to the internal olefin for

hydrogenation (d) and hydroacylation (e) of the vinyl
groups in5a could be directly determined by measuring the
integrations of the Cklpeak of the ethyl group at 0.83 ppm,
and thex-CH, peak to the carbonyl group at 2.94 ppm that
were not in the starting polymefla. The amount of
hydrogenation (c) of the internal olefin could be calculated
by use of the equationa(+ c): (b + d + €) = 27: 73 @is the
unreacted internal olefin ant is the unreacted vinyl
group).8§

While 10% of the vinyl groups and 8% of the internal
olefins of 1a were hydrogenated, 17% of the vinyl groups
were hydroacylated. All the vinyl groups were either
hydrogenated or hydroacylated. Although hydroacylation

§ Ais the area of 5.3-5.6 ppm (internal —€8H- and vinylic —CH); B is

the area of 4.9-5.0 ppm (vinylic G D is the area of 0.83-0.88 ppm
(CH3in ethyl group); E is the area of 2.88—3.06 ppm-CH, to CO); C=
(73/27)X (B + 2/3D + E) — A + 1/2B (hydrogenated internal olefin; for
the PTPB containing 45% of vinyl group, 55/45 was used instead of 73/27);
C is derived from the equation, {(A 1/2B)+ C}: (B + 2/3D+ E) = 73:

27; T=(A — 1/2B)+ C + B + 2/3D + E (T is the sum of the area of
unreacted internal olefin, hydrogenated internal olefin, unreacted vinyl
group, hydrogenated vinyl group, and hydroacylated vinyl groap))

= (A — 1/2B)/T X 100,b (%) = B/T X 100,c (%) = C/T X 100,d (%) =
(2D/3)IT X 100,e (%) = E/T X 100.
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hydrogenation could be explained by a steric difference
between the vinyl group and the internal olefin. The catalyst
may approach the vinyl group more easily than the internal
olefin. A more dramatic effect appearedsh formed from

the reaction oflb with 2 under identical reaction conditions.
Four percent of the internal olefin and 23% of the vinyl
group in 1b were hydrogenated, showing that the vinyl
group is much more easily hydrogenated than the internal
olefin. The amount (17%) of hydroacylation is similar to the
total amount of hydrogenation (18%)%a However, in the
case oflb, the amount of hydroacylation (22%) is less than
that of hydrogenation (27%), which shows that hydroacyla-
tion is more sensitive to the steric hindrance than
hydrogenation. The reason is probably that the bulky
intermediate, iminoacylrhodium(lll) hydride, may be
involved in a catalytic cycle of hydroacylation while the
sterically less hindered rhodium(lll) hydride complex may
be involved in hydrogenation. These trends can be seen in
Table 1 When the reaction dfaand2 was carried out with
different concentrations of PRunder 10 mol% of3 and
100 mol% of4 at 150C for 6 h, 20 mol% of PPhshowed
the best catalytic activity for this reaction as shown in entry
1 of Table 2 The excess use of PPmmay retard the
coordination of the olefins in polybutadiene to the catalyst.
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Table 1 Reaction of polybutadiene and various primary alcohols in the presence of the catalytic systesED@PPh and 2-amino-4-picoline

CH,

1

CH
+ Ph=CH,—CH=CH-CHy}z{CH,—CH}-Ph
1a: a=73 %, b=27%
1b: a= 55 %, b=45%

R-CH,OH

8 R= 10 mol% 3, 20 mol% PPhj
100 mol% 4, toluene
o R= (/} 150 °C, 24h
N= Os-R
10: R= [/8\5 oHy oMy C:)Hz
Y CH CH, CH,

Ph~{ CH;~ CH=CH~CHy)rz{ CHy— CHy— CHy— CH, 5t CHp— CHYf CHy— CH-Jgf CH,— CH-}g Ph

Entry Product R Proportionality Isolated yield
1 1lla H COO a=68% c=5% b= 0% d=10% e=17% 68%
2 11b 3 a=45% c=10% b= 0% d=22% e=23% 70%
3 12a a=64% c=9% b=2% d=11% e=14% 79%
4 12b a=42% c=13% b= 4% d=23% e=18% 75%
5 13a a=59% c=14% b=1% d=12% e=14% 80%
6 13b a=42% c=13% b=4% d=24% e=17% 84%
7 1l4a 7 \ a="72% c=1% b=5% d=9% e=13% 72%
8 14b N= a=42% c=13% b=7% d=27% e=11% 80%
9 15a {/ \5 a=63% c=10% b= 4% d=10% e=13% 73%
10 15b S a=48% c=7% b= 5% d=19% e=21% 75%
Table 2 Effect of the amount of PRon the hydrogenation and hydroacylation of polybutadiei@ (
1a +
10 mol% 3
100 mol% 4 O
PPh,,toluene \IC
150 °C, 6h CH, CHy CH,
(I.‘,H CIZHZ ICH2
Ph~{ CHy~ CH=CH~CHy)5f CH,— CH,— CH,— CHj Jgt CHo— CHjg{ CH,— CH-)gf CH,— CH-Yg Ph
5a
Entry PPh Proportionality
1 20 mol% a="72% c=1% b=3% d=15% e=9%
2 30 mol% a="73% c=0% b=7% d=12% e=8%
3 50 mol% a="72% c=1% b=13% d=8% e=6%
Conclusion APPENDIX A: SUPPLEMENTARY DATA

Simultaneous hydrogenation and hydroacylation of vinyl 5a: *H n.m.r. (250 MHz, CDCJ) § (ppm) 7.95 (d,J =
groups in preformed polybutadiene was achieved success-7.5 Hz, 2,6-Hs in benzoyl group), 7.5-7.3 (m, 3,4,5-Hs in
fully, with aromatic or heteroaromatic primary alcohols in benzoyl group) 5.39 (br, —CHCH-), 2.94 (br,a-CH, to
the presence of the rhodium catalyst and 2-amino-4- CO), 2.1-1.2 (m, saturated Glnd CH), 0.83 (br, CHlin
picoline. ethyl group);**C n.m.r. (62.9 MHz, CDGJ) 6 (ppm) 200.6

(C=0), 136.7 (1-C in benzoyl group), 132.8 (4-C in benzoyl
Acknowledgements group), 128.5, 128.0 (2, 3-Cs in benzoyl group), 36.0
This research was supported by the Korea Science and(a-CH, to CO), 32.7-27.3 (saturated Gldnd CH), 10.8
Engineering Foundation (Grant No. 961-0306-054-2) and (CHy); i.r. (neat) 3008, 2924, 2853, 1687 vs<0), 1598,
the Ministry of Education (Project No. BSRI-97-3422). 1449, 1356, 1274, 1214, 969, 740. 693 ¢mAnal. Calcd.
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for C34 Hus:8040: C, 86.33; H, 10.13. Found: C, 85.67; H,
10.42%.

11a H n.m.r. (250 MHz, CDCJ)  (ppm) 7.94 (d,J =
7.5Hz, 2,6-Hs in 4-methoxybenzoyl group), 6.93 {d=
7.5Hz,3,5-Hs in 4-methoxybenzoyl group), 5.39 (br,
—CH=CH-), 3.85 (s, 3Hs in 4-methoxy group) 2.88 (br,
a-CH, to CO), 2.1-1.2 (m, saturated Glnd CH), 0.88
(br, CH;, in ethyl group);**C n.m.r. (62.9 MHz, CDG)) 6
(ppm) 200.9(G0), 163.2 (4-C in 4-methoxybenzoyl
group), 130.3 (2-C in 4-methoxybenzoyl group), 130.1
(2-C in 4-methoxybenzoyl group), 113.6 (3-C in
4-methoxybenzoyl group), 55.4 (C in 4-methoxy group),
35.6 @-CH, to CO), 32.7-26.4 (saturated Gtand CH),
10.9 (CHp); i.r. (neat) 2925, 2854, 1677 D), 1603, 1512,
1453, 1256, 1177, 1038, 972, 834 thhAnal. Calcd. for
Caza Hi7O00 C, 83.04; H, 10.12. Found: C, 82.16; H, 9.88%.

12a *H n.m.r. (250 MHz, CDGJ) 6 (ppm) 8.45 (s, 1-H in
naphthyl group), 8.0-7.6 (m, 3,4,5,6,7,8-Hs in naphthyl
group), 5.39 (br, —-CHCH-), 4.97 (b, CH in vinyl group),
3.06 (br,a-CH, to CO), 2.2-1.2 (m, saturated Gldnd CH),
0.83 (br, CH in ethyl group)*C n.m.r. (62.9 MHz, CDG) 6
(ppm) 199.4 (€-0), 135.4 (9-C in naphthyl group), 134.3 (2-C
in naphthyl group), 132.5 (10-C in naphthyl group), 123.4 (3-C

32.7-27.4 (saturated GHand CH), 10.9 (CH); i.r. (neat)
3003, 2923, 2853, 1666 @), 1453, 1417, 969, 723 cm
Anal. Calcd. for GoH1OsSs: C, 81.11; H, 9.96; S, 5.96.
Found: C,78.38; H, 9.39; S, 7.50%.

5b: *H n.m.r. (250 MHz, CDG)) § (ppm) 7.96 (d,J) = 7.5 Hz
2,6-Hs in benzoyl group), 7.51-7.43 (m, 3,4,5-Hs in benzoyl
group) 5.36 (br, -CHCH-), 2.93 (bra-CH, to CO), 2.2—1.2
(m, saturated Ckiand CH), 0.83 (br, Chiin ethyl group)::*C
n.m.r. (62.9 MHz, CDG)) 6 (ppm) 200.6 (&-0), 137.0 (1-Cin
benzoyl group), 132.8 (4-C in benzoyl group), 128.5, 128.0
(2, 3-Cs in benzoyl group), 36.a{CH,to CO), 32.6—-27.2
(saturated CHand CH), 10.8 (CH); i.r. (neat) 2925, 2856,
1687 vs (G=0), 1598, 1451, 1387, 1281, 1222, 970, 741, 693
cm~%; Anal. Calcd. for GoH17Os: C, 85.72; H, 9.85. Found:
C, 84.67; H, 10.22%.

11b.*H n.m.r. (250 MHz, CDCJ) § (ppm) 7.94 (dJ = 7.5 Hz,
2,6-Hs in 4-methoxybenzoyl group), 6.93+= 7.5 Hz, 3,5-
Hs in 4-methoxybenzoyl group), 5.38 (br, —€BH-), 3.85

(s, 3 Hs in 4-methoxy group) 2.88 (lar;CH, to CO), 2.1-1.2
(m, saturated Ckiand CH), 0.83 (br, Chiin ethyl group)::*C
n.m.r. (62.9 MHz, CDG)) 6 (ppm) 199.3 (E0), 163.2 (4-C

in 4-methoxybenzoyl group), 130.3 (2-C in 4-methoxyben-
zoyl group), 130.1 (1-C in 4-methoxybenzoyl group), 113.6

in naphthyl group), 129.5-125.6 (1,4,5,6,7,8-Cs and Cs in (3-C in 4-methoxybenzoyl group), 55.4 (C in 4-methoxy

internal olefin), 36.0 ¢-CH, to CO), 32.6—-25.5 (saturated
CH, and CH), 10.8 (CH);i.r. (neat) 3056, 2925, 2855, 1682
(C=0), 1451, 1362, 1281, 1181, 1069, 969, 911, 735%tm
Anal. Calcd. for GuH4eQOsg: C, 87.46; H, 9.84. Found: C,
86.33; H, 9.68%.

13a *H n.m.r. (250 MHz, CDG)) 6 (ppm) 8.03 (d,) = 7.5 Hz,

2 Hs), 7.63-7.60 (m, 4 Hs), 7.46—7.41 (m, 3Hs), 5.39 (br,—
CH=CH-), 4.97 (b, CH in vinyl group), 2.96 (bro-CH, to
CO), 2.2-1.2 (m, saturated Gknd CH), 0.83 (br, Cklin
ethyl group);**C n.m.r. (62.9 MHz, CDG) & (ppm) 200.2
(C=0), 145.5, 139.9, 135.7 (Cs in 4-biphenyl group), 129.95—
127.2 (Cs in 4-biphenyl group and Cs in internal olefin), 36.0
(-CH, to CO), 32.7-27.3 (saturated GHind CH), 10.9
(CHy); i.r. (neat) 2925, 2854, 1682 £0), 1605, 1449, 973,
910, 734, 698 cm'; Anal. Calcd. for GgH4860g: C, 87.56; H,
9.87. Found: C, 85.34; H, 9.61%.

14a *H n.m.r. (250 MHz, CDC)) 6 (ppm) 9.16 (s, 2-H in
pyridine ring), 8.76 (br, 6-H in pyridine ring), 8.23 (d,=
7.5 Hz 4-H in pyridine ring), 7.44—7.39 (m, 5-H in pyridine
ring), 5.39 (br, -CHCH-), 4.96 (b, CH2 in vinyl group), 2.96
(br, a-CH, to CO), 2.2—-1.2 (m, saturated Gldnd CH), 0.83
(br, CHs in ethyl group);**C n.m.r. (62.9 MHz, CDG) 6
(ppm) 198.2 (&0O), 153.3 (2-C in pyridine ring), 149.6
(6-C in pyridine ring), 135.3 (4-C in pyridine ring), 132.1
(3-C in pyridine ring), 123.6 (5-C in pyridine ring), 36.2-(
CH, to CO), 32.7-25.6 (saturated GHand CH), 10.5
(CHy); i.r. (neat) 3006, 2924, 2854, 1690 £0O), 1585,
1447, 1269, 970, 737, 709 ch Anal. Calcd. for
CooHiOgNg: C, 84.39; H, 9.96; N, 2.63. Found: C,
82.85; H, 9.79; N, 2.97%.

15a *H n.m.r. (250 MHz, CDG)) 6 (ppm) 7.70 (dJ) = 2.5 Hz
3-H in thiophene ring), 7.61 (dl = 2.5 Hz 5-H in thiophene
ring), 7.11 (m, 4-H in thiophene ring), 5.40 (br, —-€8H-),
4.97 (br, CHin vinyl group), 2.87 (bra-CH, to CO), 2.2-1.2
(m, saturated Ckland CH), 0.84 (br, Chlin ethyl group);**C
n.m.r. (62.9 MHz, CDGJ) 6 (ppm) 193.6 (E0), 144.4, 133.3,
131.6, 128.0 (Cs in thiophene ring), 36.8-CH, to CO),
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group), 35.6¢-CH, to CO), 32.6—27.3 (saturated Gtnd
CH), 10.7 (CHy); i.r. (neat) 2925, 2855, 1677 £0), 1602,
1511, 1457, 1257, 1172, 1033, 972, 841, ¢nAnal. Calcd.
for Cq31 HigfO10 C, 81.37; H, 10.16. Found: C, 80.53; H,
9.75%.

12b. *H n.m.r. (250MHz, CDCJ) 6 (ppm) 8.45 (s, 1-H in
naphthyl group), 8.0-7.5 (m, 3,4,5,6,7,8-Hs in naphthyl
group), 5.38 (br, —-CHCH-), 4.98 (b, CH in vinyl group),
3.06 (br,a-CH, to CO), 2.2—1.2 (m, saturated Gldnd CH),
0.83 (br, CH in ethyl group):X*C n.m.r. (62.9 MHz, CDG) &
(ppm) 200.5 (€-0), 135.4 (9-C in naphthyl group) 134.3 (2-C
in naphthyl group), 132.5 (10-C in naphthyl group), 123.9 (3-C
in naphthyl group) 129.9-125.8 (1,4,5,6,7,8-Cs and internal
Cs), 36.0 &-CH, to CO), 32.7-27.3 (saturated GHand
CH), 10.8 (CH); i.r. (neat) 3060, 2925, 2856, 16820),
1458, 1368, 1282, 1190, 1070, 970, 913, 748 trAnal.
Calcd. for GaH15904: C, 87.07; H, 9.59. Found: C, 85.62;
H, 9.54%.

13b. *H n.m.r. (250 MHz, CDG)) & (ppm) 8.00 (br, 1H),
7.63-7.60 (m, 1H), 7.41 (br, 1H), 5.38 (br, —€8H-),
4.95 (b, CH in vinyl group), 2.96 (bra-CH, to CO), 2.2—
1.2 (m, saturated Cjand CH), 0.83 (br, Cklin ethyl group);
13C n.m.r. (62.9 MHz, CDG) § (ppm) 200.2 (E-0), 145.5,
139.9, 135.7 (Cs in 4-biphenyl group), 129.95-127.2 (Cs in 4-
biphenyl group and Cs in internal olefin), 3&6CH, to CO),
32.7-29.7 (saturated GHand CH), 10.9 (CH); i.r. (neat)
2924, 2856, 1683 (€0), 1605, 1452, 1070, 970, 913, 762,
696 cm’; Anal. Calcd. for GuH1s04 C,87.15; H, 9.62.
Found: C, 85.96; H, 9.73%.

14b. *H n.m.r. (250 MHz, CDG)) § (ppm) 9.16 (s, 2-H in
pyridine ring), 8.76 (br, 6-H in pyridine ring), 8.23 (d= 7.5
Hz 4-H in pyridine ring), 7.49-7.41 (m, 5-H in pyridine ring),
5.38 (br, —CH-CH-), 4.95 (b, CH in vinyl group), 2.96 (br,
a-CH; to CO), 2.2-1.2 (m, saturated Gldnd CH), 0.83 (br,
CHs in ethyl group);*C n.m.r. (62.9 MHz, CDG) & (ppm)
198.2 (G=0), 153.3 (2-C in pyridine ring), 149.6 (6-C in
pyridine ring), 135.3 (4-C in pyridine ring), 132.1 (3-C in
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pyridine ring), 123.6 (5-C in pyridine ring), 36.2+CH, to 2. Iéggggt,lgéi, Remsen, E.E. and Mills, P.Macromolecules
CO), 32.7-256 (satrated Gtand CH), 10.5 (Ch); i, 3. MiIIs,’ P.’L.,Tre.mont, S.J. and Remsen, EIBd. Eng. Chem. Res.

(neat) 3006, 2924, 2854, 1690<0), 1585, 1447, 1269,

o 1990,29, 1443,
970, 737, 709 cm: Anal. Calcd. for G;H1O.Ny: C,

4. Scott, P.J. and Rempel, G.IMacromolecules1992,25, 2811.
85.45; H, 10.71; N, 1.79. Found: C, 80.14; H, 10.07; N, 5.  McEntire, E. E., Knifton, J. F., US Patent No. 4657984, 1987.
2.00%. 6.  Wideman, L. G., US Patent No. 5134200, 1992.

7. Narayanan, P., Clubley, B. G., Cole-Hamiltone, DJJChem. Soc.,

. Chem. Commuri991, 1628.
15_b- 'H n-m-r- (250 MHz, CDQD 6_(ppm) 7-?0 (br, 3-H in 8.  Narayanan, P., Kaye, B. and Cole-Hamiltone, D.]Mater. Chem.
thiophene ring), 7.60 (br, 5-H in thiophene ring), 7.11 (br, 4- 1993,3, 119.
H in thiophene ring), 5.38 (br, —GCH-), 4.95 (br, CH in 9. Gouo, X., Rajeev, F. and Rempel, G.Macromolecules1990,23,
vinyl group), 2.86 (bra-CH, to CO), 2.2—1.2 (m, saturated 5047.
: 13 0. Guo, X. and Rempel, G.LMacromolecules1992,25, 883.
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