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A New Strategy for the Synthesis of Furan-3,4-dicarboxylic Acid1
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Abstract: A facile route to furan-3,4-dicarboxylic acid is de-
scribed. Dimethylmaleic anhydride (1) on NBS-bromination fol-
lowed by aqueous KOH treatment gave bis(hydroxymethyl)maleic
anhydride (3), which on intramolecular Mitsunobu ring closure fol-
lowed by esterification and DDQ-oxidation furnished the desired
esters of furan-3,4-dicarboxylic acid 7a/b.

Key words: 2,3-bis(bromomethyl)maleic anhydride, intramolecu-
lar Mitsunobu ring closure, DDQ-oxidation, furan-3,4-dicarboxylic
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The applications of furan-3,4-dicarboxylic acid and its es-
ters have been well known in practice.2 They are used as
starting materials in the synthesis of several bioactive nat-
ural products such as zargocic acid,3 confertin,4 aromati-
cin,5 lactral,6 freelingyne,7 biotin,8 nectriafurone9 and
perrilin.9 They are also used in the synthesis of several
pharmacologically useful molecules,10 preparation of
complexes with rare earth metal ions11 and as a potential
dienes in Diels–Alder reactions for the synthesis of sever-
al novel heterocycles.12 The development of new facile
synthetic routes to this potential building block is a chal-
lenging task.13–17 To date five multi-step synthesis of 7a/b
are known in the literature via partial decarboxylation of
furan tetracarboxylic acid,13 thermal decomposition of
partially reduced Diels–Alder adduct of furan and acety-
lenedicarboxylic acid/ester,14 cyclisation of 1,4-dicarbon-
yl systems,15 regioselective lithiation of 2-silylated-3-
furoic acid16 and involving condensation of methyl glyco-
late with methyl acrylate as the key step.17 Very recently
we prepared the (bromomethyl)methylmaleic anhydride
and used it for synthesis of chaetomellic acid A,18a fulgen-
ic acid,18b heterocycles,18c maleic anhydride segment of
tautomycin,18d telfairic anhydride19 and graphenone.19

Now, we herein report the preparation of bis(bromometh-
yl)maleic anhydride (2) and its application for the new
synthesis of esters of furan-3,4-dicarboxylic acid 7a/b
(Scheme).

The reaction of dimethylmaleic anhydride (1) with excess
of NBS in the presence of catalytic amounts of dibenzoyl
peroxide in refluxing CCl4 gave the bis(bromomethyl)ma-
leic anhydride (2) in 62% yield. The dibromoanhydride 2
on treatment with 4 N aqueous KOH at room temperature
followed by acidification afforded exclusively the substi-
tution product bis(hydroxymethyl)maleic anhydride (3) in

98% yield. The isolated anhydride 3 was quite stable and
did not show any tendency for intramolecular/intermole-
cular dehydration, Michael addition and nucleophilic ring
opening of anhydride moiety. The anhydride 3 on in-
tramolecular Mitsunobu ring closure in THF at room
temperature followed by aqueous work up furnished di-
hydrofuran-3,4-dicarboxylic acid (5) in 91% yield. The
diacid 5 on reaction with methanol/ethanol and a catalytic
amount of sulfuric acid gave the corresponding esters
6a/b, respectively, in 88–90% yield. These esters 6a/b, in
presence of excess of DDQ in refluxing 1,4-dioxane,
furnished the desired 3,4-furandicarboxylic acid esters
7a/b in 80–85% yield (Scheme). The overall yield of
7a/b in five-steps was 39–42% and the analytical and
spectral data obtained for 7a/b were in complete agree-
ment with the reported data.2,14c The present practical ap-
proach to design 7 from suitably substituted dicarboxylic
acid/cyclic anhydride to generate furan ring has several
advantages over others in the literature (furan to furan-
3,4-dicarboxylic acid). 

In our hands all our attempts to transfer 2 to dihydro-
pyrrole-3,4-dicarboxylic acid/dihydrothiophene-3,4-di-
carboxylic acid (8a/b) using ammonia and sodium sulfide
met with failure, and only polymeric/decomposed gums
were obtained. The conditions to obtain 8a/b from 2 are
still elusive to us and the work is in progress in our labo-
ratory.

In summary, starting from dimethylmaleic anhydride (1),
we have demonstrated an elegant 5-step practical ap-
proach to esters of furan-3,4-dicarboxylic acid 7a/b with
39–42% overall yield via two new anhydrides 2 and 3.

Melting points are uncorrected. The IR spectra were recorded on FT
IR-8400 IR spectrophotometer. The 1H NMR spectra were recorded
on Bruker ACF 200 NMR spectrometer (200 MHz). The 13C NMR
spectra were recorded on Bruker ACF 200 NMR spectrometer (50
MHz). The Mass spectra were recorded on Finnigan Mat 1020 mass
spectrometer at 70 eV. Column chromatographic separations were
done on ACME silica gel (60–120 mesh). Petroleum ether with a bp
range of 60–80 °C was used. Dimethylmaleic anhydride, Ph3P, di-
ethyl azodicarboxylate (DEAD) and dibenzoyl peroxide (DBP)
were obtained from Aldrich Chemical Co. 

Bis(bromomethyl)maleic Anhydride (2)
A mixture of dimethylmaleic anhydride (1; 5.04 g, 40 mmol), N-
bromosuccinimide (14.24 g, 80 mmol) and a catalytic amount of
dibenzoyl peroxide (200 mg, 0.83 mmol) in CCl4 (300 mL) was
gently refluxed for 12 h in a 500 mL round-bottom flask. The reac-
tion mixture was allowed to cool to r.t. and a second portion of N-
bromosuccinimide (14.24 g, 80 mmol) and dibenzoyl peroxide (200
mg, 0.83 mmol) was added and again the refluxing was continued
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for another 12 h. The mixture was left overnight at r.t. and then fil-
tered. The residue was washed with CCl4 (2 � 25 mL), the combined
organic layer was washed with H2O (2 � 100 mL), brine (100 mL),
then dried (Na2SO4) and concentrated in vacuo to furnish a thick
yellow oil. Chromatography of the oil on a silica gel column with
petroleum ether–EtOAc (8:2) as eluent gave the crude product (9.7
g) which was further purified by distillation using a Kugelrhor ap-
paratus. The first fraction (2.2 g) was a mixture of a small amount
of starting material and major portion of (bromomethyl)methylma-
leic anhydride, whereas the second fraction obtained at 145–150 °C/
2 mm was the pure dibromoanhydride 2; yield: 7.1 g (62%, 98% pu-
rity by 1H NMR); mp 84–86 °C [benzene–petroleum ether (1:3)].

IR (Nujol): 1784, 1664 cm–1. 
1H NMR (CDCl3, 200 MHz): � = 4.28 (s).
13C NMR (CDCl3, 50 MHz): � = 15.1, 141.1, 162.7.

MS: m/z (%) = 286 (9), 284 (21), 282 (9), 205 (93), 203 (100), 161
(36), 159 (39), 133 (58), 131 (59), 124 (22), 80 (83), 66 (85).

Anal. Calcd for C6H4Br2O3: C, 25.38; H, 1.42. Found: C, 25.62; H,
1.26.

Bis(hydroxymethyl)maleic Anhydride (3) 
To an ice-cold solution of 4 N aq KOH (25 mL) was added bis(bro-
momethyl)maleic anhydride (2; 5.68 g, 20 mmol) and the mixture
was stirred at r.t. for 3 h. The mixture was slowly acidified with aq
2 N HCl and saturated with solid NaCl and stirred at r.t. for 30 min.
The aqueous layer was extracted with EtOAc (3 � 25 mL), the or-
ganic layer was washed with brine (25 mL) and dried (Na2SO4).
Concentration of the organic layer in vacuo gave pure 3; yield: 3.01
g (98%); mp 174–176  °C [benzene–petroleum ether (1:3)].

IR (Nujol): 3429, 1769, 1693 cm–1.
1H NMR (acetone-d6, 200 MHz): � = 4.96 (s, 4 H), 8.00–9.00 (br s,
2 H).
13C NMR (acetone-d6, 50 MHz): � = 77.7, 139.9, 164.4.

MS: m/z (%) = 158 (2), 140 (52), 113 (36), 112 (39), 96 (41), 95
(39), 91 (7), 84 (100), 69 (83), 66 (85), 55 (24).

Anal. Calcd for C6H6O5: C, 45.58; H, 3.83. Found: C, 45.73; H,
3.67.

2,5-Dihydrofuran-3,4-dicarboxylic Acid (5)
To a solution of 3 (1.58 g, 10 mmol) and Ph3P (2.88 g, 11 mmol) in
THF (20 mL) was added a solution of DEAD (1.92 g, 11 mmol) in

THF (10 mL) in a dropwise fashion with continuous stirring at r.t.
and the reaction mixture was further stirred for 3 h. The mixture was
concentrated in vacuo and the residue was dissolved in aq 5%
NaHCO3 solution (25 mL). The aqueous layer was washed with
EtOAc (2 � 20 mL); subsequent acidification of the aqueous layer
with aq 2 N HCl followed by extraction with EtOAc (3 � 10 mL).
The organic extracts were washed with H2O (10 mL), brine (10
mL), dried (Na2SO4) and concentrated to furnish the pure product 5;
yield: 1.44 g (91%); mp 191–193 °C (EtOAc).
1H NMR (acetone-d6, 200 MHz): � = 4.96 (s, 4 H), 8.75–9.75 (br s,
2 H).
13C NMR (DMSO-d6, 50 MHz): � = 77.3, 139.9, 164.2.

MS: m/z (%) = 158 (2), 140 (12), 112 (14), 96 (23), 84 (35), 69 (47),
66 (100), 55 (28).

Anal. Calcd for C6H6O5: C, 45.58; H, 3.83. Found: C, 45.76; H,
3.58.

Dimethyl 2,5-Dihydrofuran-3,4-dicarboxylate (6a); Typical 
Procedure
A solution of 5 (790 mg, 5 mmol) in MeOH and H2SO4 (19:1, 20
mL) was stirred at r.t. for 24 h under N2 and the reaction mixture
was concentrated in vacuo. The residue was diluted with H2O and
extracted with EtOAc (3 � 25 mL). The combined organic layer was
washed with H2O (25 mL), brine (25 mL) and dried (Na2SO4). Con-
centration of organic layer in vacuo followed by silica gel column
chromatographic purification of the crude product using petroleum
ether–EtOAc (7:3) as eluent furnished the pure dimethyl ester 6a as
a thick oil; yield: 837 mg (90%). 

IR (neat): 1726, 1666, 1279 cm–1. 
1H NMR (CDCl3, 200 MHz): � = 3.82 (s, 6 H), 4.93 (s, 4 H). 
13C NMR (CDCl3, 50 MHz): � = 52.1, 76.3, 136.2, 162.4.

Anal. Calcd for C8H10O5: C, 51.61; H, 5.41. Found: C, 51.86; H,
5.54.

Diethyl 2,5-Dihydrofuran-3,4-dicarboxylate (6b)
Similarly the diethyl ester was prepared from 5 (790 mg, 5 mmol)
using EtOH and H2SO4 (19:1, 20 mL); thick oil; yield: 941 mg
(88%). 

IR (neat): 1726, 1666, 1273 cm–1. 
1H NMR (CDCl3, 200 MHz): � = 1.32 (t, J = 8 Hz, 6 H), 4.27 (q,
J = 8 Hz, 4 H), 4.93 (s, 4 H). 

Scheme Reagents and conditions: i) NBS, DBP, CCl4, reflux, 24; ii) (a) aq KOH, r.t., 3 h, (b) H+/2 N HCl; iii) DEAD, TPP, THF, r.t., 3 h;
iv) ROH, H+/H2SO4, r.t., 24 h; v) DDQ, 1,4-dioxane, reflux, 24 h 
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13C NMR (CDCl3, 50 MHz): � = 14.0, 61.4, 76.5, 136.2, 162.2. 

MS: m/z (%) = 214 (2), 213 (8), 201 (4), 189 (19), 168 (35), 157 (7),
140 (31), 123 (8), 112 (49), 95 (53), 84 (88), 69 (100), 55 (19).

Anal. Calcd for C10H14O5: C, 56.07; H, 6.59. Found: C, 56.36; H,
6.29.

Dimethyl Furan-3,4-dicarboxylate (7a); Typical Procedure
To a solution of 6a (744 mg, 4 mmol) in 1,4-dioxane (15 mL) was
added DDQ (2.724 g, 12 mmol) and the reaction mixture was re-
fluxed for 24 h. The mixture was concentrated in vacuo and the res-
idue was dissolved in EtOAc (30 mL), washed with H2O (15 mL),
brine (15 mL) and dried (Na2SO4). Concentration of organic layer
in vacuo followed by silica gel column chromatographic purifica-
tion of the crude product using petroleum ether–EtOAc (7.5:2.5) as
eluent furnished the pure dimethyl ester 7a; yield: 618 mg (84%);
mp 48–50 °C.

IR (Neat): 2955, 1736, 1286 cm–1.
1H NMR (CDCl3, 200 MHz): � = 3.87 (s, 6 H), 7.95 (s, 2 H).
13C NMR (CDCl3, 50 MHz): � = 51.9, 118.2, 148.7, 162.0. 

MS: m/z (%) = 184 (23), 153 (100), 123 (70), 95 (5), 69 (4), 59 (10),
53 (10).

Anal. Calcd for C8H8O5: C, 52.18; H, 4.38. Found: C, 52.27; H,
4.34.

Diethyl Furan-3,4-dicarboxylate (7b)
Similarly reaction of 6b (856 mg, 4 mmol) on DDQ oxidation
(2.724 g, 12 mmol) furnished 7b as a thick oil; yield: 687 mg (81%).

IR (neat): 2951, 1732, 1281 cm–1. 
1H NMR (CDCl3, 200 MHz): � = 1.32 (t, J = 8 Hz, 6 H), 4.33 (q,
J = 8 Hz, 4 H), 7.93 (s, 2 H).

Anal. Calcd for C10H12O5: C, 56.60; H, 6.70. Found: C, 56.43; H,
6.89.

Acknowledgement

A. M. D. thanks CSIR, New Delhi, for the award of a fellowship. N.
P. A. thanks Department of Science & Technology, New Delhi for
financial support. We thank Dr. K. N. Ganesh, Head, Division of
Organic Chemistry (Synthesis), for constant encouragement.

References

(1) NCL Communication No. 6620.
(2) Song, Z. Z.; Ho, M. S.; Wong, H. N. C. J. Org. Chem. 1994, 

59, 3917; and references cited therein.
(3) Freeman-Cook, K. D.; Halcomb, R. L. J. Org. Chem. 2000, 

65, 6153.
(4) Schultz, A. G.; Motyka, L. A.; Plummer, M. J. Am. Chem. 

Soc. 1986, 108, 1056 and references cited therein.
(5) Tanis, S. P.; Head, D. B. Tetrahedron Lett. 1982, 23, 5509.
(6) Ingham, C. F.; Massy-Westropp, R. A.; Reynolds, G. D. 

Aust. J. Chem. 1974, 27, 1477.
(7) Webb, J. S. US Patent 2732379, 1956; Chem. Abstr. 1956, 

50, 5999.
(8) Devys, M.; Barbier, M.; Parisot, D. Heterocycles 1990, 31, 

1485.
(9) Tanis, S. P. Tetrahedron Lett. 1982, 23, 3115.

(10) (a) Walter, L.; Otto, R.; Richard, R.; Franz Joseph, K. Ger. 
Offen. DE 3143876, 1983; Chem. Abstr. 1983, 99, 158275. 
(b) Kentaro, H. US Patent 4433154, 1984; Chem. Abstr. 
1984, 101, 23324. (c) Hall, I. H.; William, W. L. Jr.; Rhyne, 
K. A.; Knowles, M. Pharm. Res. 1985, 233. (d) Manuel, B. 
Z.; Antonio, D. M. J.; Regorio, D. S. M.; Ulpiano, M. E. P.; 
Maria-Dolores, J. B.; Magali, R. F. PCT Int. Appl. WO 96 
34870, 1996; Chem. Abstr. 1997, 126, 59938. (e) Galvez, 
J.; Garcia-Domenech, R.; Gomez-Lechon, M. J.; Castell, J. 
V. Theochem 2000, 504, 241.

(11) Yan, B.; Zhang, H.-J.; Wang, S.-B.; Ni, J.-Z. J. Photochem. 
Photobiol. A 1998, 116, 231.

(12) (a) Cook, M. J.; Forbes, E. J. Tetrahedron 1968, 24, 4501. 
(b) Tochtermann, W.; Rosner, P. Tetrahedron Lett. 1980, 21, 
4905. (c) Tochtermann, W.; Rosner, P. Chem. Ber. 1981, 
114, 3725. (d) Jenneskens, L. W.; Kostermans, G. B. M.; 
tenBrink, H. J.; Harmannus, J.; de’Wolf, W. H.; 
Bickelhaupt, F. J. Chem. Soc., Perkin Trans. 1 1985, 2119.

(13) Reichstein, T.; Grussner, A.; Schindler, K.; Hardmeier, E. 
Helv. Chim. Acta 1933, 16, 276.

(14) (a) Alder, K.; Rickert, H. F. Ber. Dtsch. Chem. Ges. 1937, 
70, 1354. (b) Williams, H.; Kaufmann, P.; Mosher, H. S. J. 
Org. Chem. 1955, 20, 1139. (c) König, H.; Graf, F.; 
Weberndorfer, V. Liebigs Ann. Chem. 1981, 668.

(15) Kornfeld, E. C.; Jones, R. G. J. Org. Chem. 1954, 19, 1671.
(16) Bures, E.; Nieman, J. A.; Yu, S.; Spinazze, P. G.; Bontront, 

J.-L. J.; Hunt, I. R.; Rauk, A.; Keay, B. A. J. Org. Chem. 
1997, 62, 8750; and references cited therein.

(17) (a) Gianturco, M. A.; Friedel, P.; Giammarino, A. S. 
Tetrahedron 1964, 20, 1763. (b) Paquette, L. A.; Russell, R. 
K.; Burson, R. L. J. Am. Chem. Soc. 1975, 97, 6124.

(18) (a) Deshpande, A. M.; Natu, A. A.; Argade, N. P. J. Org. 
Chem. 1998, 63, 9557. (b) Deshpande, S. G.; Argade, N. P. 
Synthesis 1999, 1306. (c) Deshpande, A. M.; Natu, A. A.; 
Argade, N. P. Heterocycles 1999, 51, 2159. (d) Deshpande, 
A. M.; Natu, A. A.; Argade, N. P. Synthesis 2001, 702.

(19) Deshpande, A. M.; Natu, A. A.; Argade, N. P., Unpublished 
results.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

 L
av

al
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


