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DIACRYLATES AND ACRYLIC ACIDS BY THE PALLADIUM CATALYSED
VINYLATION OF SUBSTITUTED BROMOFURANS AND BROMCTHIOPHENES
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Abstract - Furyl- and thienylacrylates (8-14) and acrylic acids
(Ba,10a-14a) are prepared in moderate yields by palladium catalysed
coupling of substituted bromofurans and bromothiophenes with ethyl

acrylate.

Qur continuing interest in the synthesis and photochemistry of heterocyclic acrylic acids
or substituted heterocyclic acrylic acids‘]_5 has prompted us to develop a synthetic method
for the preparation of new furyl- and thienylacrylates (8,9,10 and 12) substituted with
carboxy substituent either in the position 4 or 5 of the heterocyclic nucleus or with
o-chloroanilidoc substituent attached to the position 5 of the furan nucleus. Diethyl 5-
carboxy-2,3-furandiacrylate (11), diethyl 5-carboxy-2,3-thiophenediacrylate (13) and
diethyl 2,5-thiophenediacrylate {14) have alsoc been prepared by palladium catalysed
coupling of bromofurans and bromothiophenes with ethyl acrylate. Corresponding acids
(8a,10a-14a) have been prepared from previously obtained esters.

Falladium catalysed coupling of brome or lodo substituted aromatic compounds with vinyl
substituted reagents (ethyl acrylate, acrylonitrile, styrene, vinyl methyl ketone) is a
well known and usefull reaction for the preparation of vinyl substituted aromatic com-

pounds.6'11 There has been however, only one article reporting on the Heck reaction of

heterocyclic carboxylic acids.12
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Table 1

Heck Reactions of Bromofurans and Bromothiophenes with Ethyl Acrylate
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The ordinary Wittig reaction used for preparing aromatic or heterocyclic compounds sub-
stituted by vinyl or substituted vinyl group does not always give the good yields in he-
terocyclic series. Besides, the products are always a mixture of cis- and trans-isomers.
On the cother hand the preparation of the o-disubstituted diacrylates requires a multistep
synthesis.13

Palladium catalysed acrylation {vinylation) is a more convenient reaction and the yield
ranges from 40—88%.6_12
The vinylation of all bromo compounds (1-7) was investigated urder standard Heck condi-
tions. These consisted of heating an acetonitrile solution of brome compound with an ex-
cess of ethyl acrylate and triethylamine in the presence of 1% palladium({II} acetate and
2-6% of triphenylphosphine at 100%C for 12-20 hours. The results are summarized in Table
1. Moderate yields of yellow crystalline products {8-14 and 8a-14a) were cbtained.

The stereochemistry of the double bond in the acrylates (8,9,10,12) and in the diacry-
late (14) was exclusively trans as shown by the J; of 16 Hz from one or two olefinic dou-
blets in the relevant 1H rmr specira. 1t is important to emphasize that the stereochemi-
stry of the double bonds was exclusively trans. However, the vinylic hydrogen atoms A’

and B' in the acrylate attached to the position 3 of the heterocyclic nucleus are shif-

fed in relation with vinylic hydrogen atoms A and B.

EXPERIMENTAL

Mps were determined on a Kofler hotstage microscope and are uncorrected. Ir spectra were
recorded on a PERKIN-ELMER Model 257 spectrophotometer in KBr discs or as a liguid film
between sodium chloride plate. M e spectra were recorded on a VARTAN M%60 (6CMHz) or

on VARIAN GEMINI 300 (300MHz) with TMS as internal standard in CDC1. or DMSO-d6.

3

5-Bromo-2-furancarboxylic Acid (1)

Compound (1) was prepared by bromination of 2-furancarboxylic acid (100 g, 0.892 mol)

with Br2 (146.4 g, 0.916 mol) in acetic acid (200 ml) on 90-100°C. White crystals, 59.2 g

14

(34.8%), mp 188-190°C, were obtained (lit., * mp 185°C).

5-Bromo—2-furyl-(g-chlcro)anilide (2)

Compound (2} was prepared by the method15 described earlier from o-chlorcaniline
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(6.25 g, 0.05 mol) and 5-bromo-2-furcyl chloride (1C g, 0.048 mol) in piridine (24 ml)
and toluerne (100 ml). Yellow crystals, 10.4 g {72%), mp 117°C, were obtained (1it.,15

mp 117°C).

5-Bromo-3-furancarboxylic Acid (3)

Compound (3} was prepared from 3-furancarboxylic acid (2.02 g, 0.018 mol) dissolved in
glacial acetic acid (10 ml) where N-bromosuccinimide (3.2 g, 0.018 mol) was added by
stirring at room temperature, and stirring continued for 24 h. The solvent was evaporat-
ed, residue extracted with ether leaving behind succinimide, and the ether sclution di-
stiled off. The residual oil was triturated with water and the resultant solid crystalli-

zed from water; yield 1.34 g (39%), mp 137-138°C (lit.,16 mp 136°C).

4,5~-Dibromo-2-furancarboxylic Acid (4)

Compound {4) was prepared from 2-furancarboxylic acid (20 g, 0.178 mol) and dry bromine
(99.5 g, 0.623 mol) which wag added dropwise into the acid during 2 h on the room tempera-
ture. The mixture was heated to 100-110°C with stirring during 24 h, allowed to cocl some-
what, 100 ml of water were added and the mixture was refluxed 17 h. Upon cooling the pro-
duct precipitated as a brown scolid which was recrystallized from water; yield 9.7 g

(20.2%), mp 172°C (1it.,"7 mp 168-170°0C).

5-Bromo-2-thiophenecarboxylic Acid {5)

Compound (5) was prepared by bromination (12.4 g, 0.05 mol of bromine) of thiophene-2-
carboxylic acid (10 g, 0.078 mol) in acetic acid {100 ml) at 0°C. White crystals, 7.56 g
(47%), mp 135-136°C, were obtained (lit., e mp 141-142°C).

4,5-Dibromo-2-thiophenecarboxylic Acid (6)

Compound (7) was prepared from 2-thiophenecarboxylic acid (2.6 g, 0.020 mol) which was
added inte the bromine (19.2 g, 0.120 mol) with stirring. After standing overnight
most of the excess bromine was evaporated the mixture was dissoived in 5% ammonium car-
bonate solution to remove the excess of bromine. The agueous solution acidified with di-
luted HCl precipitate was filtered off and recrygtallized from ethanol. White crystals,

2,24 g (42.0%), mp 227-228°C, were obtained (1it., 7 mp 225-227°C).
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2,5-Dibromothiophene (7)

Compound (7) was prepared from 2-bromothiophene (19 g, 0.119 mol in 30 ml CCl4) by add-
ing bremine (19.3 g, 0.121 mol in 30 ml CC14) dropwise during 8 h, at room temperature.
After stirring overnight, the solvent wes removed in vacuo, 3.5 g of sodium hydroxide

were added, mixture was heated on 100°C for 4 h, cooled, filtered and distilled; yield

20

20.5 g (73.8%). Yellow oil, bp 193-204°C (1lit.,=" bp 211°C).

Ethyl 3-{5-Carboxy-2-furyl)acrylate (8)

To the solution of palladium(II) acetate (0.07 g, ©.31 mmol) and triphenylphosphine
(0.3%3 g, 0.26 mmol) in acetonitrile (50 ml) and triethylamine (30 ml) was added 1

(4.0 g, 0.21 mol) and ethyl acrylate (6.3 g, 0.063 mol). The reaction mixture was sealed
in the glass tube and heated at 100°C for 20 h. The mixture was cooled, the content of
the tube was evaporated in vacuo and the residue dissolved in water, filtered, filtrate
boiled with charcoal acidified with diluted HCl1, precipitate filtered off and recrystal-
lized from etharol; yield 3.6 g (82%), mp 139°C. Ir (cm™1): 1710 (COOEt), 1680 (COOH),
1640 (C=C). 'H Nnr (DMSO-dg) (o ppm): 7.50 (d, J=15.0 Hz, 1, Hp), 7.35 (d, Iy 4=3.4 bz,
1H, HB), 7.14 (4, Jz 4=3-4 Hz, 1H, H4), 6.40 (d, J=15.0 Hz, 1H, HA), 4.30 {q, J=7.2 Hz,
2H, CH2), 1.36 (t, J=7.2 Hz, 3H, CHB)' Anal. Calcd for C1OH1005: C, 57.14; H, 4.76,
Found: C, 57.07; H, 4.76.

3-(5-Carboxy~2-furyl)acrylic Acid (8a)

ficid (8a) was prepared by hydrolysis of 8 (3.6 g, 0.017 mol) dissolved in 100 ml ethanol,
which was added to the solution of sodium hydroxide (2.73 g, 0.68 mol) in water (50 ml)
and refluxed for 0.5 h. Ethanol was distilled off in vacuo, the residue dissolved in wa-
ter and acidified with conc. HCl, precipitate filtered off and recrystallized from etha-
nol. Yellow crystals, 3 g (78%), mp 267-265°C were obtained. Ir (cm-1): 1680 (COOH), 1640
(c=C). "W Nnr (DHSO-dg) (& ppm): 7.50 (d, J, 1=15.0 Hz, 1H, Hy), 7.35 (d, Jy 3.4 He,
iH, Hj)’ 7.12 {(d, J3'4=3.4 Hz, 1H, H4), 6.41 (d, JA,B
Cgllg0s: C, 53.35; H, 3.36. Found: C, 52.97; H, 3.70.

=15.0 Hz, 1H, HA)' Anal. Caled for

Ethyl 3-[5-(o-Chloroanilido)-2-furyl |acrylate (9)

Compound (9) was prepared from 2 (6.3 g, 0.021 mol) and ethyl acrylate (6.3 g, 0.063 mol)
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as described above, After reaction was over and solvent distilled off the residue

was washed with water and recrystallized frem ethanol (150 ml). Yellow crystals, 2.7 g
(34.8%), mp 120-122°C were obtained . Ir (em1): 1710 (COOEL), 1675 (CONH), 1640 (C=C).
H Nar (ODC15) (Sppm): 8.75 (s, TH, NH), 8.52 (dd, J=8.3 Hz, J=1.4 Hz, TH, H arom.),
7.48 (4, JA,B=15°8 Hz, 1H, HB), 7.44 (ad, J=8.1 Hz, J=1.4 Hz, H, H arom}, 7.33

(dt, J=7.4 Hz, J=1.4 Hz, 14, H arom.}, 7.31 (a, J3,4=3.6 Hz, 1H, H4), 7.1 (at,

J=8.1 Hz, J=1.6 Hz, 1H, H arom.), 6.76 (d, J3,4=3.7 Hz, 1H, HE)’ 6.47 (d, JA,B=15'8 Hz,
1H, HA)’ 4.30 (q, J=7.2 Hz, 2H, CHZ)' 1.36 {t, J=7.2 Hz, 3H, CHB)' Anal, Caled for

C16H17O4N: c, 66.89; H, 5.92. Found: C, 66.53; H, 5.60.

Ethyl 3-{4-Carboxy-2-furyl)acrylate (10)

Compound (10} was prepared from 3 (3.9 g, 0.02 mol) as described for B. Yellow crystals
recrystallized from diluted methanol, 2 g (47%), mp 194-196°C were obtained. IR (em™1):
1690 (COCEL), 1670 (COOH), 1630 {C=C): TH N (CDC13) (&ppm): 8.11 (s, 1H, H5), 7.41
(d, JA,B=15.B Hz, 1H, HB), 6.93 (s, 1H, H3}, 6.40 (d, JA,B=15'8 Hz, 1H, HA), 4.26

{q, J=7.1 Hz, 2H, CH2), 1.33 (t, J=7.1 Hz, 3H, CHB). Anal Calcd for C10H1OO :

5
C, 57.14; H, 4.76. Pound: C, 57.35; H, 4.3%.

3-{4-Carboxy-2-furyl)acrylic Acid (1Ca)

Acid {10a) was prepared by hydrolysis of 10 (2.1 g, 0.01 ,cl} by the method described
above. Precipitate was recrystallized from methanol, 1.35 g (75%) yellow powder, mp

%20°C was obtained. Ir (cm_1) 1680 (COOH), 1620 (C=C). 1H Nmr (DMSO-d6) {(d ppm):
12.87 (s, 2H, COOH), 8.53 (s, MH, Hg), 7.53 (d, JA’B=16.O Hz, M, Hp), 7.28 (s, M,
HB)’ 6.35 (d, JA,B=16'O Hz, 1H, HA)- Anal. Caled for C8H605: C, 53.35; H, 3.36.
Found: C, 53.03; H, 3.70.

Diethyl 5-Carboxy-2,3-furandiacrylate (11)

Compound (11) was prepared from 4 (5.67 g, 0.021 mol) as described for 8. Yellow
crystals recrﬁstallized from ethanol, 3.27 g (50.5%), mp 189-192°C, were obtained.
Ir (em™1): 1720 (COOEt), 1710 (COCH), 1620 (C=C). 'H Nar (CDCLy) (& ppm): 7.67 (4,
Jyr pr=15.9 Hz, TH, Hg,), 7.65 (d, Jy,5715-6 He, MH, Bp), 7.48 (s, 1H, Hy), 6.71
{d4,J ,,B,=15.9 Hz, 14, H,,), 6.33 (q, JA’B=15.6 Hz, 1H, H,), 4.30 (q, J=7.1 Hz, 2H,
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' CHy), 4.29 (q, J=7.1 Hz, 2H, CHy), 1.35 (t, J=7.1 Hz, 6H, CHy). Anal. Calcd for

C15H1607: C, 58.44; H, 5.23. Found: C, 58.02; H, 5.07.

5-Carboxy-2,3-furandiacrylic Acid (11a)

Diacid (11a} was prepared by hydrolysis of 11 (1.5 g, 0.005 mol) by the methed describ-
ed above. Yellow crystals, recrystallized from DMSO-water 3:1, 1.01 g (80%), mp 315°C
were obtained, Ir (cm'1): 1710 (COOH), 1670 (COCH), 1625 (C=C). Ty Nmr (DMSO—ds) (¢ ppm):
7.92 (s, 1H, H4), 777 {4, JA,’B,=15.6 Hz, 1H, HB,),7.74 {4, JA,B=15.8 Hz, 1H, Hg),

6.68 {4, J,, B,=15.6 Hz, 1H, HA’)’ 6.49 (4, JA B=15.B Hz, 1H, HA). Anal. Calcd for
C11H807: c, 52.38; H, 3.20. Found: C, 51.97; H, 3.48.

Ethyl 3-(5-Carboxy-2-thienyl)acrylate {12)

Compound (12) was prepareﬁ from 5 (4.3 g, 0.021 mol) as described for 8. Yellow crystals,
5.9 g (62.3%), mp 88-90°C,were obtained. Ir (cm ): 1715 (COOES), 1690 (COOH), 1620 (C=C).
;

H Nmr (CDCl3) (& ppm): 7.79 (d, J5 (=4.0 He, TH, H,), 7.73 (d, Jy,p=15-8 Hz, 1H, Hp),
7.64 (d, J3 ,=4.0 Hz, M, Hg), 6.38 (, J, =15.8 Hz, M, H,), 4.27 (q, J=7.1 Hz, 2H,
CHy), 1.34 (£, J=7.1 Hz, 3, CHy). Anal. Calcd for CyH, 0,8t C, 53.04; H, 4.42.

Found: C, 53.38; H, 4.03.

3-(5-Carboxy~2-thienyl Jacrylic Acid (12a)}

Acid {12a) was prepared by hydrolysis of 12 {2.7 g, 0.C12 mol) with NaCH as described
for Ba. Yellow crystals recrystallized from ethanol, 2.3 g (77.5%), mp 264-266°C,

were obtained. Ir (cm"‘): 1680 (COOH), 1660 (COOH), 1610 (C=C). H Nar (DMS0-dg) (& ppm):
7.7% (d, JA,B=15'9 Hz, 1H, HB), 7.69 (d, J3’4=3.9 Hz, 1H, H4), 7.55 (4, J3,4=3.9 Hz,

TH, Hj)' 6.38 (4, JA,B=15'9 Hz, 1H, HA). Anal, Calcd for C8H6O4S: C, 48.48; H, 3.05.

Found: C, 48.83; H, 3.45.

Diethyl 5-Carboxy-2,3-thiophenediacrylate (13)

Compound (13) was prepared from 6 (2.09 g, 0.007 mol) and ethyl acrylate (4.2 g, 0.042
mol) as described for 8. Yellow crystals, 1.26 g (55.5%), mp 145°C were obtained.

Ir {em™'): 1720 (COOEt), 1710 (COOEL), 1680 (COOH), 1620 (C=C). 'H Nar (DMS0-dg) (o ppm):
8.30 (s, M, Hy), 8.05 (d, J » pr=15.0 Hz, 1H, Hy,)}, 7.85 (d, Jy,p=15-8 Hz, H, Hp), 6.83
(g, JA,‘B;=T5-6 Hz, H, H,.), 6.59 (4, Jp,p=15-8 Hz, 1H, Hy), 4.33 (q, J=7.1 Hz, 2H, CHy),
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4.32 (q, J=7.1 Hz, 2H, CHy), 1.38 (t, J=7.1 Hz, 6H, CHy). Anal. Calcd for Cqgt;g0gS:
¢, 55.55; H, 4.97. Found: C, 55.13; H, 5.07.

5-Carboxy-2, 3-thiophenediacrylic Acid (13a)

Diacid (13a) was obtained by hydrolysis of 13 (0.24 g, 0.75 mmol) with NeOH (0.14 g,
3.45 mmol) as described above. Yellow crystals,0.18 g (S0%), mp 292-294°C ,were obtain-
ed. Tr (on™1), 1680 (COOH), 1620 (C=C). 'K Nmr (DMSO-dg) (ppm): 8.24 (s, M, H,),
7.92 (4, JA’,B’=15'6 Hz, 1H,HB,), 7.80 (d’-JA,B=15'6 Hz, 1H, HB), 6.71 (d, JA’,B’=

15.6 Bz, 1H, J 6.51 (d, JA,B=15.6 Hz, 1H, HA)' Anal. Calcd for: c11H806S:

A,)’
C, 49.26; H, 3.01. Found: C, 49.60; H, 3.43.

Diethyl 2,5-Thiophenediacrylate (14)

Compound (14} was prepared from 7 (4.5 g, 0.018 mol) and sthyl acrylate (9.3 g, 0.093
mol) as described for 8. The crude product was chromatographed on a Si02 colum with
dichloromethane: cyclohexane 1:1 as eluent. Yellow crystals,4.4 g (84.7%), mp 99-101°¢
were obtained. Ir (em™}: 1710 (COOEL), 1695 (COOEt), 1620 (C=C). 14 Nor (CDClj) (d ppm) :
7.6 (4, JA,B=15'2 Hz, ZH, HB ,HB,), 7.1 (s, 2H, H3, H4), 6.11 (4, JA,B:15'O Hz, 24, H, ,
HA,), 4.24 {q, J=8.0 Hz, 4H, CHZ)’ 1.32 {t, J=8.0 Hz, &H, CH3)' Anal. Calcd for

C14H1604S: C, 59.99; H, 5.75. Pound: C, 59.50; H, 5.37.

2,5-Thiophenediacrylic Acid (14a}

Diacid (14a) was obtained by hydrolysis of 14 (1.85 g, 0.007 mol) with NaOH (1.7 g,

C.043 mol) as described above. Yellow crystals,1.4 g (95%), mp 310°C were obtained.

Ir (cw™'), 1675 (COOH), 1610 (C=C). 'H Naor (DMS0-dg) (ppm): 7.73 (d, J, p=16.0 Hz, 2H,
b

HB ’HB’)’ 7.5 (s, 2H, Hy, H4), 6.23 {d, J ,,B,=T6.O Hz, 2H, HA ’HA’)' Anal. Calcd for

C1OH804S: C, 53.57; H, 3.59. Found: C, 53.90; H, 3.12.
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