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Nitrofuran-3-carboxylates: synthesis and structure
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ofurans, a well-known class of compounds,1–3 are currently 
of interest4–6 due to the wide range of their biological 
ity.1–14 For example, some 5-nitrofuran-2-carbohydrazides 
sed as antibiotics2,8 and demonstrate antimicrobial1,3,5,8 and 
arasitic9 activity. In addition, nitrofurans are used as anti-

rculosis agents,4,7,13,14 and 5-nitrofuran-2-carboxylates are 
e against HIV-1.11,12

he main method for the preparation of 2(5)-nitrofurans 
aining various substituents is the nitration reaction,15–19 a 
ion of which in the form of ipso-nitration is used for the 
tro-5-acetylfuran20 synthesis. Nitrofurans can be prepared 
the condensation of 1,1,2-trichloro-2-nitroethene with 
carbonyl compounds,22 or by the C–C bond selective 
ation of their nitro dihydro precursors with sodium nitrite.23 
ould be noted that the oxidation of the dihydro precursors 
h manganese dioxide,24–26 iodobenzodiacetate,25 hypervalent 
e27 or 2,3-dichloro-5,6-dicyanobenzoquinone28–30) is also 
 for the synthesis of furans, including nitrofurans.
epresentatives of substituted nitrofuran-3-carboxylates are 
ared using a few methods.31–34 Thus, the condensation of 
tro-1-phenylethan-1-one with ethyl 3-nitropent-2-enoate 
rds ethyl 2-ethyl-4-nitro-5-phenylfuran-3-carboxylate.31 The 
n of bases on a 3-nitropyridinium salt containing a strong 

tron-withdrawing substituent (2-CF3C6H4), leads to ethyl 
ethyl-5-nitro-4-(2-trifluoromethylphenyl)furan-3-carboxy
32 Reaction of 5-methoxyfuroxano[3,4-d]pyrimidine with 
l acetoacetates results in 2-methyl-5-nitrofuran-3-carboxy
.33 Dimethyl 2-nitrofuran-3,4-dicarboxylates containing a 
sitioned aromatic substituent were obtained by nitration of 
n-3,4-dicarboxylates.34

e herein suggest a method for nitrofuran-3-carboxylates 
hesis by the selective oxidation of trans-2,3-dihydro-2-
furan-3-carboxylates, the latter being readily available from 
eaction of alkyl 3-bromo-3-nitroacrylates and aliphatic CH 
s.35 There are no literary analogies to the oxidation of 
dihydrofurans with manganese oxide of similar structures 
aining a nitro group.

In fact, the oxidation of nitrodihydrofuran-3-carboxylates 
1a–f with manganese dioxide in toluene at room temperature 
proceeds for 7 days and successfully completes with the 
formation of the corresponding nitrofuran-3-carboxylates 2a–f 
in yields up to 57% (Scheme 1).† Attempts to obtain nitrofuran 
2d by nitration of ethyl 4-acetyl-5-methylfuran-3-carboxylate in 
acetyl nitrate,35 both in the presence and in the absence of 
sulfuric acid, led to tarring of the reaction mass from which it 
was not possible to isolate the target product.

The structures of nitrofuran-3-carboxylates 2 were 
confirmed  by 1H, 13C–{1H}, 1H–1H NOESY, 1H–13C HMQC, 
HMBC NMR, IR, and UV spectroscopy. While nitrofuran 
dicarboxylates 2b,c,e,f are individual, acetyl-containing 
nitrofuran carboxylates 2a,d exist in the form of two conformers 
(NMR data, 2a'/2a'' = 12 : 1 and 2d'/2d'' = 17 : 1). The study of 
the obtained nitrofurans 2a,d by the 1H–1H NOESY method 
with varying mixing times revealed the presence of a nuclear 
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†	 General procedure for the synthesis of nitrofuran-3-carboxylates 2. 
To  a  solution of the corresponding trans-2-nitro-2,3-dihydrofuran-3-
carboxylate 1 (3.3 mmol) in toluene (40 ml), MnO2 (0.26 mol) was 
added. The resulting mixture was stirred at 18–20 °C for 7 days. After 
filtration of MnO2 and evaporation of the solvent, the oily residue was 
treated with hot hexane (40 ml). After cooling, the precipitate was filtered 
off to afford product 2 as a light-yellow crystals (or light-yellow oil 
for 2f).
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Overhauser effect (NOE) between the methyl group signals at 
the furan ring and the methyl protons of acetyl fragment for both 
major and minor conformers (see Scheme 1).

In the IR spectra of nitrofurans 2a–f, the positions of the 
stretching vibration bands for the carbonyl group indicate that the 
acetyl group (1673–1684 cm–1) in compounds 2a,d and one of 
the ester groups (1722–1728 cm–1) in compounds 2b,c,e,f are 
coplanar with the furan ring and are in conjugation with its 
p-system,36 while the ester group of all compounds 2a–f, removed 
from conjugation, resonates in the higher frequency region 
(1744–1759 cm–1). The absorption bands for the nitro group 
appear in the regions 1520–1531 cm–1 (nas) and 1354–1361 cm–1 
(ns), characteristic of the conjugated nitro group.21,22

X-ray diffraction analysis of crystalline nitrofuran-3-
carboxylates 2b and 2d (Figure 1)‡ showed that the ester group 
in the vicinal position to the nitro group is perpendicular to 
the  furan ring plane [t C(2)–C(3)–C(11)–O(12) = –91.6° (2b), 
t C(2)–C(3)–C(10)–O(11) = 87.8° (2d)]. A structural feature of 
molecule 2d is the proximity of the furan ring methyl group to 
the hydrogen atoms of the acetyl fragment; while in other furan-
3-carboxylates,35 a reversal of the acetyl fragment is observed 
[t C(5)–C(4)–C(7)–O(8) = –38.2(2)°].

In summary, we have suggested a convenient synthesis of 
nitrofuran-3-carboxylates by the oxidation of trans-2,3-dihydro-
2-nitrofuran-3-carboxylates with MnO2 in toluene. The structures 
of dimethyl 2-methyl-5-nitrofuran-3,4-dicarboxylate 2b and 
ethyl 4-acetyl-5-methyl-2-nitrofuran-3-carboxylate 2d have 
been characterized by single crystal X-ray diffraction analysis.
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Figure  1  Geometry of (a) molecule 2b and (b) molecule 2d in the crystals.  
Ellipsoids of anisotropic displacements are shown with 50% probability.
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