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Abstract - F'uryl- and thienylacrylates (8-14) and acrylic acids 

(&,I@-14a) are prepared in moderate yields by palladium catalysed 

coupling of substituted bromofurans and bromothiophenes with ethyl 

acrvlate. 

Our continuing interest in the synthesis and photochemistry of heterocyclic acrylic acids 

or substituted heterocyclic acrylic acidsT3 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 

0-chloroanilido substituent attached to the position 5 of the furan nucleus. Diethyl 5- - 

carboxy-2,3-furandiacrylate (II), diethyl 5-carboxy-2,3-thiophenediacrylate (13) and 

diethyl 2,5-thiophenediacrylate (14) have also been prepared by palladium catalysed 

coupling of bromofurans and bromothiophenes with ethyl acrylate. Corresponding acids 

(&,I&-14a) have been prepared from previously obtained esters. 

Palladium catalysed coupling of bromo or iodo 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- 

mere has been however, only one article reporting on the Heck reaction of 

heterocyclic carboxylic acids. 12 
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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 &- and *-isomers. 

On the other hand the preparation of the 2-disubstituted diacrylates requires a multistep 

synthesis. 13 

Palladium catalysed acrylation (vinylation) is a more convenient reaction and the yield 

ranges from 4048%. 6-12 

The vinylation of all bromo compounds (1-7) was investigated under standard Heck condi- 

tions. These consisted of heating an acetonitrile solution of bromo compound with an ex- 

cess of ethyl acrylate and triethylanine in the presence of 1% palladium(I1) acetate and 

2-6% of triphenylphosphine at lCO°C for 12-20 hours. !he results are sutmnarized in Table 

1. Moderate yields of yellow crystalline products (8-14 and &-I&) were obtained. 

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 JH of 16 Hz from one or two olefinic dou- 
1 blets in the relevant H nmr spectra. It is important to emphasize that the stereochemi- 

stry of the double bonds was exclusively +. 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 liquid film 

between sodium chloride plate. 'H nmr spectra were recorded on a VARIAN M360 (60MHz) or 

on VARIAN GEMINI 300 (XX,MHz) with TFZS as internal standard in CWl3 or D%O-d6. 

5-Bromo-2-furancarboxylic Acid (1) 

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

with Br2 (146.4 g, 0.916 mol) in acetic acid (200 ml) on 90-103~~. White crystals, 59.2 g 

(34.8%), mp 188-192~~, were obtained (lit.,I4 mp 185~~). 

5-Bromo-2-furyl-(9-ch1oro)anilide (2) 

Compound (2) was prepared by the method15 described earlier from pchloroaniline 
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(6.25 g, 0.05 mol) and 5-bromo-2-firoyl chloyide (10 g, 0.048 mol) in piridine (24 ml) 

and toluene (103 ml). Yellow crystals, 10.4 g (72%), mp 117Oc, were obtained (lit., 
15 

mp 117~~). 

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 E-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 solution di- 

stiled off. The residual oil was triturated with water and the resultant solid crystalli- 

zed from water; yield 1.34 g (3%), mp 137-138~~ (lit.,'' mp 136~~). 

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 was added dropwise into the acid during 2 h on the room tempera- 

ture. The mixture was heated to lCO-llOO~ with stirring during 24 h, allowed to cool some- 

what, 1CO ml of water were added and the mixture was refluxed 17 h. Upon cooling the pro- 

duct precipitated as a brown solid which was recrystallized from water; yield 9.7 g 

(20.2%). mp 1 7 2 ~ ~  (lit.,I7 mp 168-170~~). 

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 (103 ml) at O'C. White crystals, 7.56 g 

(47%), mp 135-136~~, were obtained (lit. ,I8 mp 141-142~~). 

4.5-Dibromo-2-thiophenecarboxylic Acid ( 6 )  

Compound (7) was prepared from 2-thiophenecarboxylic acid (2.6 g, 0.020 mol) which was 

added into the bromine (19.2 g, 0.120 mol) with stirring. After standing overnight 

most of the excess bromine was evaporated the mixture was dissolved in 5% ammonium car- 

bonate solution to remove the excess of bromine. The aqueous solution acidified with di- 

luted HC1 precipitate Gas filtered off and recrystallized from ethanol. White crystals, 

2.24 g (42.O%), mp 227-~8~~, were obtained (lit. ,I9 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 9 ml CC14) by add- 

ing bromine (19.3 g, 0.121 mol in 9 ml CC1 ) dropwise during 8 h, at room temperature. 
4 

After stirring overnight, the solvent was removed in vacuo, 3.5 g of sodium hydroxide 

were added, mixture was heated on 1 0 0 ~ ~  for 4 h, cooled, filtered and distilled; yield 

20.5 g (73.8%). Yellow oil, bp 193-204% (lit.,X) bp 211°c). 

Ethyl 3-(5-Carboxy-2-fury1)acrylate (8) 

To the solution of palladium(I1) acetate (0.07 g, 0.31 nnnol) and triphenylphosphine 

(0.33 g, 0.26 mol) in acetonitrile (50 ml) and triethylamine ( X I  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 1 0 0 ~ ~  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 HC1, precipitate filtered off and recrystal- 

lized from ethanol; yield 3.6 g (82%), mp 139'~. Ir (cm-I): 1710 (CCOEt), 1630 (CWH), 

1640 (C=C). 'H Nmr (W-d6) (dppm): 7.50 (d, J=15.0 Hz, IH, Hg), 7.35 (d, J3,4=3.4 ~ z ,  

IH, H 1, 7.14 (d, J3,4=3.4Hz, IH, H ), 6.40(d, J=15.0Hz, IH, HA), 4.9 ( q ,  J=7.2Hz3 3 4 
2, CH2), 1.36 (t, J=7.2 Hz, 3H, CH3) Anal. Calcd for C1#1005: C, 57.14; H, 4.76. 

Found: C, 57.07; H, 4.76. 

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

Acid (84  was prepared byhydrolysis of 8 (3.6 g, 0.017 mol) dissolved in 1M) ml ethanol, 

which was added to the solution of sodium hydroxide (2.73 g, 0.63 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. HC1, precipitate filtered off and recrystallized from etha- 

nol. Yellow crystals, 3 g (78%), mp 267-269'~ were obtained. Ir (cm-I): 1680 (CCOH), 1640 
1 

(C=C). H Nmr (m-d6) (dppm): 7.50 (d, JA,B=15.0 HZ, IH, HB), 7.35 (d, J3,4=3,4 HZ, 

IH, H3), 7.12 (d, J3,4=3.4 Hz, IH, H4), 6.41 (d, JAYB=15.0 Hz, IH, H A )  Anal. Calcd for 

C8H605: C, 53.35; H, 3.56. Found: C, 52.97; H, 3.70. 

Ethyl 3-5-(0-Cnloroani1ido)-2-furyl-iacrylate (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 from ethanol (150 ml). Yellow crystals, 2.7 g 

(34.8%), mp 120-122~~ were obtained . Ir (cm-I): 1710 (CMIEt), 1675 (CONH), 1640 (C=C). 

'H Nmr (cLc~~) (sppm): 8.75 (s, IH, NH), 8.52 (dd, k8.3 HZ, J=1.4 HZ, IH, H arom.), 

7.48 (d, JAYB=15.8 Hz, IH, HB), 7.44 (dd, J=8.1 Hz, J=1.4 Hz, IH, H arom) , 7.33 
(dt, J=7.4 Hz, J=1.4 Hz, IH, H arom.), 7.31 (d, J3,4=3.6 Hz, IH, H 4 ), 7.11 (dt, 

Jz8.1 Hz, 5~1.6 Hz, IH, H arom. ), 6.76 (d, J3,4=3.7 HZ, IH, H3), 6.47 (d, JAIB=15.8 &, 

IH, HA), 4.30 (q, J=7.2 Hz, W, CH2), 1.36 (t, J=7.2 Hz, 3H, CH3) Anal. Calcd for 

CI6Hl7O4N: C, 66.89; H, 5.92. Found: C, 66.53; H, 5.60. 

Ethyl 3-(4-Carboxv-2-fury1)acrylate (10) 

Compound (10) was prepared from 3 (3.9 g, 0.02 mol) as described for 8. Yellow crystals 

recrystallized from diluted methanol, 2 g (47%), mp 194-1%'~ were obtained. IR (cm-I): 

16% (CCOE~), 1670 (CCKIH), 1630 (C=C): 'H Nmr (cLC13) (dppm): 8.11 (s, IH, H5), 7.41 

(d, JA,B=15.8 Hz, IH, HB), 6.93 (s, IH, H~), 6.40 (d, JA,B=15.8 Hz, IH, HA), 4.26 

( q ,  J=7.1 Hz, W ,  CH2), 1.33 (t, J=7.1 Hz, 3H, CH3) Anal Calcd for CI0Hl0O5: 

C, 57.14; H, 4.76. Found: C, 57.35; H, 4.39. 

3-(4-Carboxy-2-fury1)acrylic Acid (I&) 

Acid (I&) was prepared by hydrolysis of 10 (2.1 g, 0.01 ,ol) by the method described 

above. Precipitate was recrystallized from methanol, 1.35 g (75%) yellow powder, mp 

320'~ was obtained. Ir (cm-'1 1680 (CCOH), 1620 (C=C). 'H Nmr (ENSO-d6) (dppm): 

12.87 (s, 2H, CMIH), 8.53 (s, IH, H5), 7.53 (d, JA,B=16.0 HZ, IH, HB), 7.28 (s, IH, 

H3), 6.35 (d, JA,B=16.0Hz, IH, HA). Anal. CalcdforC8H605: 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 recrystallized from ethanol, 3.27 g (50.5%), mp 189-192~~, were obtained. 

Ir (cm-I): 1720 (CCOEt), 1710 (CCKIH), 1620 (C=C). 'H Nmr (CDC13) (dppm): 7.67 (d, 

JA,,B,=15.9 Hz, IH, FIB,), 7.65 (d, JA,B=15.6 Hz, IH, HB), 7.48 (s, IH, H4), 6.71 

(d,JA,,B,=15.9 Hz, IH, HA,), 6.33 (d, JA,B=15.6 Hz, IH, HA), 4.30 (q, J=7.1 Hz, W ,  
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CH2), 4.29 (q, J=7.1 Hz, W, CH2). 1.35 (t, J=7.1 Hz, 6H, CH3). Anal. Calcd for 

CI5Hl6O7: C, 58.44; H, 5.23. Found: C, 58.02; H, 5.07. 

5-Carboxy-2,3-furandiacrylic Acid (lla) 

Diacid (Ila) was prepared by hydrolysis of 11 (1.5 g, 0.035 mol) by the method describ- 

ed above. Yellow crystals, recrystallized from LWQ-water 3:1, 1 .O1 g (W) , mp 315'~ 
1 were obtained. Ir (cm-I): 1710 (CCOH), 1670 (CCOH), 1625 (C=C). HNmr (tN9-d6) (dppm): 

7.92 (s, IH, H4), 7.77 (d, JA ,,B, =15.6 Hz, IH, Hg,), 7.74 (d, JA,B=15.8 Hz, IH, HE). 
6.68 (d, JA, B,=15.6 Hz, IH, HA,), 6.49 (d, JArB=15.8 Hz, IH, HA). Anal. Calcd for 

CllH89: C, 52.38; H, 3.20. Found: C, 51.97; H, 3.48. 

Ethyl 3-(5-Carboxy-2-thieny1)acrylate (12) 

Compound (12) was prepared from 5 (4.3 g ,  0.021 mol) as described for 8. Yellow crystals, 

5.9 g (62.3$), mp 88-93°~,were obtained. Ir (cm-I): 1715 (CCOEt), 1693 (CCOH), 1620 (C=C). 

Wr (CE13) (6 ppm): 7.79 (d, J3,4=4.0 Hz, IH, H4), 7.73 (d, JA,B=i5.8 Hz, IH, ~ g ) ,  

7.64 (d, J3,4=4.0 Hz, lH, H3), 6.38 (d, JA,B=15.8 HZ, IH, HA), 4.27 (q,  J=7.1 Hz, W, 

CH2), 1.34 (t, J=7.1 Hz, 3H, CH3). Anal. Calcd for CIOHl0O4S: C, 53.04; H, 4.42. 

Found: C, 53.33; H, 4.03. 

3-(5-Carboxy-2-thieny1)acrylic Acid (12a) 

Acid (12a) was prepared by hydrolysis of 12 (2.7 g, 0.012 mol) with NaOH as described 

for b. Yellow crystals recrystallized from ethanol, 2.3 g (7'7.5%), mp 264-~66~12, 

were obtained. Ir (cm-I): 1680 (COX), 1660 (CCOH) , 1610 (C=C). 'H Nmr (LWQ-d6) (6pp) : 

7.73 (d, JA,B=15.9Hz, lH, HB), 7.69(d, J3,4=3.9Hz, IH, H4), 7.55 (d, J3,4=3.9Hz, 

lH, H~), 6.38 (d, JATB=15.9 Hz, IH, HA) Anal. Calcd for C$1604S: 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.W mol) and ethyl acrylate (4.2 g, 0.042 

mol) as described for 8. Yellow crystals, 1.26 g (55.5%). mp 145'~ were obtained. 

Ir (cm-I): 17m (CCOE~), 1710 (CCOEt), 1680 (CCOH), 1620 (C=C). 'H Nmr (LWQ-d6) (dppm): 

8.30 ( 8 ,  IH, H4), 8.05 (d, JA,,B,=15.0 H Z ,  IH, HB,), 7.85 (d, JA,B=15.8 Hz, IH, Hg), 6.83 

(a, JA,,,,=15.6 Hz, IH, HA,), 6.59 (d, JAtB=15.8 HZ, IH, HA), 4.33 (q, J=7.1 Hz, W, T), 
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4.32 (q ,  5.7.1 Hz, W, CH2), 1.38 (t, J=7.1 Hz, 6H, CH3) Anal. Calcd for CI5Hl6O6S: 

C, 55.55; H, 4.97. Found: C, 55.13; H, 5.07. 

5-Carboxy-2,3-thiophenediacrylic Acid (1%) 

Diacid (1%) was obtained by hydrolysis of 13 (0.24 g, 0.75 mmol) with NaOH (0.14 g, 

3.45 mol) as described above. Yellow crystals,O.lS g (%I, mp 29~-294~~,were obtain- 

ed. Ir (cm-'), 1680 (CCOH), 1620 (C=C). 'H Nmr (m-d6) (Jppm): 8.24 (s, IH, H4), 

7.99 (d, JA,,,,=15.6 Hz, lH,HB,), 7.80 (d,,JAPB=15.6 Hz, IH, HB), 6.71 (d, JA,,,,= 

15.6 Hz, IH, J,,), 6.51 (d, JA,,=15.6 Hz, IH, HA). Anal. Calcd for: CI1H8O6S: 

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 ethyl acrylate (9.3 g, 0.093 

mol) as described for 8. The crude product was chromatographed on a Si02 column with 

dichloromethane: cyclohexane 1:l as eluent. Yellow crystals,4.4 g (84.7%), mp 99-10lOc 
1 were obtained. Ir (cm-I): 1710 (CCOEt), 1695 (CCOEt), 1620 (C=C). H Nmr (CDClJ) (6ppm): 

7.6(d, JA,,=15.2Hz, W,HB,HB,), 7.1 (s, W, H3,H4), 6.11 (d,  JA,B=15.0H~, W , H A ,  

HA,), 4.24 ( q ,  J=8.0 Hz, 4H, CH2), 1.32 (t, J=8.0 Hz, 6H, CH ) Anal. Calcd for 
3 ' 

CI4Hl6O4S: C, 59.99; H, 5.75. Found: C, 59.50; H, 5.37. 

2,5-Thiophenediacrylic Acid (I&) 

Diacid (1Q) was obtained by hydrolysis of 14 (1.85 g, 0.007 mol) with NaOH (1.7 g, 

0.043 mol) as described above. Yellow crystals,l.4 g (95%), mp 3 1 0 ~ ~  were obtained. 

Ir (cm-'1, 1675 (CCOH), 1610 (C=C). 'H Nmr (DMSO-d6) (dppm): 7.73 (d, JA,,=16.0 Hz, W ,  

H,,H~,). 7.5 (s, W, H3, H4). 6.23(d, JAY ,,=60Hz, W, HA,HA,). Anal. Calcdfor 

CIOH8O4S: C, 53.57; H, 3.59. Found: C, 53.90; H, 3.12. 
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