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carboxylates possess various biological 
ple, methyl 4,5-diethyl-2-(3-methoxy-3-

rboxylate inhibits insulin secretion1 while 
thyl-4-(2-oxo-2-aryl)furan-3-carboxylates 

 activity.2
3–6 β-dicarbonyl compounds,1,7–11 dialkyl 
tes12–16 and allene esters17–19 have been 
 the syntheses of substituted furan-3-
 same time, it is known that the reaction of 
 with acyclic CH-acids gives substituted 
rans.21,22 In turn, we have shown that alkyl 
ates23 containing the gem-bromo-nitro
 molecule were the convenient starting 
esis of fused furan-3-carboxylates in the 

CH-acids.24,25

 studies on the synthetic potential of alkyl 
ates 1a,b, we suggest herein a method for 
itro-2,3-dihydrofuran-3-carboxylates 2a–f 
ates 3a–f on their basis (Scheme 1). The 
romo-3-nitroacrylates 1a,b with pentane-
obutanoates occurs in anhydrous methanol 
perature in the presence of an equimolar 
acetate to give 2-nitro-2,3-dihydrofuran-3-
 67–83% yields.† The enolate anion of 
ormed initially undergoes intramolecular 

O-alkylation with the bromonitromethyl group in the course of 
the reaction. In turn, the reaction performed by refluxing in 
anhydrous methanol solution with the ratio bromonitro- 
acrylate : CH-acid : AcOK = 1 : 1 : 2 gives substituted furan-3-
carboxylates 3a–f in 57–80% yields (see Scheme 1, method A).‡ 
At the same time, 2-nitro-2,3-dihydrofuran-3-carboxylates 2d,f 
eliminate HNO2 on refluxing in the presence of equimolar 
amounts of potassium acetate in anhydrous methanol to afford 
furan-3-carboxylates 3d,f in 65% yield (see Scheme 1, 
method B). Products 2, 3 appeared mostly as light yellow oils 
while compound 3a was obtained as light yellow crystals. It 
should be noted that furans 3a,b,d,f were previously obtained by 
a different method7,26–28 and compound 3a was characterized as 
an oil.26

The structures of heterocycles 2,3 were confirmed by 1H, 
13C–{1H}, 1H–1H dqf-COSY, 1H–13C HMQC, HMBC NMR and 
IR spectroscopy. In the 1H NMR spectra of compounds 2a–f the 
vicinal protons C2H (d 6.09–6.12, 3J = 2.0–2.1 Hz) and C3H 
form an AMX-type spin system with methyl group protons at the 
C5 carbon atom (d 2.40–2.41, 5J = 1.4–1.5 Hz). The signal from 
the C3H proton, due to long-range spin–spin coupling with 
methyl protons at the C5 atom, is manifested in the 1H NMR 
spectra of compounds 2a,b,d as a multiplet in the region of 
d 4.31–4.39, and in the spectra of compounds 2c,e,f as a doublet 
of quartets at d 4.31–4.33 (3J = 2.1, 5J = 1.5 Hz). This assignment 
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 furan-3-carboxylates were obtained by 
l 3-bromo-3-nitroacrylates and acyclic  
pentane-2,4-dione and alkyl 3-oxo

nol in the presence of equimolar amounts 
. The products can be prepared by the 
of 2-nitro-2,3-dihydrofuran-3-carboxy

ediates in the total transformation.

 the synthesis of alkyl 4-acetyl(alkoxycarbonyl)-
nitrofuran-3-carboxylates 2. A solution of the 
-3-nitroacrylate 1 (1.43 mmol) in anhydrous 
ed dropwise to a solution of pentane-2,4-dione 
e (1.43 mmol) and fused potassium acetate 
n anhydrous methanol (5 ml). The resulting 
–20 °C for 1 h. The solvent was evaporated and 
omatographed on silica gel using CHCl3 as the 
lated as a light-yellow oil.

r the synthesis of alkyl furan-3-carboxylates 3 
of the corresponding 3-bromo-3-nitroacrylate

(0.95 mmol) in anhydrous methanol (4 ml) was added dropwise to a 
solution of pentane-2,4-dione or alkyl 3-oxobutanoate (0.95 mmol) and 
fused potassium acetate (187 mg, 1.91 mmol) in anhydrous methanol 
(4 ml). The mixture was refluxed for 1 h. The solvent was evaporated and 
the oily residue was chromatographed on silica gel using CHCl3 as the 
eluent. Product 3 was isolated as a light yellow-oil (or light-yellow 
crystals of 3a).
	 In method B, a solution of compound 2d or 2f (0.366 mmol) and fused 
AcOK (36 mg, 0.366 mmol) in MeOH (4 ml) was refluxed for 2–4 h. The 
solvent was evaporated and the oily residue was chromatographed on silica 
gel using CHCl3 as the eluent to afford product 3d or 3f.
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agrees with the results of 1H–1H dqf-COSY experiments 
obtained for compounds 2d,f (Figure 1). 

The value of spin–spin coupling constant 3JH(2)H(3) being  
2.0–2.1 Hz observed in the 1H NMR spectrum of compounds 2a–f 
indicates their transoid arrangement, in agreement with literature 
data.22,25,29 The carbon atom signals in compounds 2, 3 were 
assigned using 1H–13C HMQC and HMBC NMR experiments 
(the main correlations of non-protonated carbon atoms in the 
1H–13C HMBC NMR spectrum of compound 2d are provided in 
Online Supplementary Materials). The IR spectra of compounds 
2a–f manifest absorption bands of the non-conjugated nitro group 
at 1575–1576 cm–1 (nas) and 1366–1370 cm–1 (ns) with a 
characteristic difference (Dn 200–210 cm–1).30 Moreover, the 
absorption bands of the ester moiety in the IR spectra of 
compounds 2, 3a–f are observed in the region of 1712–1746 cm–1, 
while the carbonyl group of the acetyl moiety in the spectra of 
compounds 2, 3a,d gives an absorption band at 1679–1689 cm–1.

Crystalline furan-3-carboxylate 3a was studied by single-
crystal X-ray diffraction analysis (Figure 2).§

As expected, the furan ring including the key 
substituent  atoms  is planar. Only a slight rotation of planar 
moieties of substituents at C(3) and C(4) atoms is observed  
[the C(3)–C(4)–C(7)–C(9) and C(2)–C(3)–C(10)–O(12) torsion 
angles are –34.8(2) and –16.0(2)°, respectively]. The bond 
lengths and bond angles in molecule 3a have values typical of 
the furan ring and the acetyl and carboxyl moieties. In the 
absence of proton-donating substituents in the molecule, the 
crystal packing of compound 3a is determined by numerous  
C–H∙∙∙O hydrogen bonds and short H∙∙∙H-type contacts 
(Figure 3), that is, relatively weak intermolecular interactions. 
Probably, the difficult crystallization of compound 3a and the 
low melting point of the crystals are caused by these weak 
interactions between the molecules. Due to stronger C–H∙∙∙O 
interactions, double layers are formed in the crystal that are 
bound to each other only by van der Waals dispersion interactions 
(Figure 3). 

In summary, we suggested methods for the synthesis of 
2-nitro-2,3-dihydrofuran-3-carboxylates and the corresponding 
furan-3-carboxylates using the reaction of alkyl 3-bromo-3-
nitroacrylates with representatives of acyclic CH-acids. The 
structure of methyl 4-acetyl-5-methylfuran-3-carboxylate 
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Scheme  1  Reagents and conditions: i, AcOK, MeOH, 18–20 °C, 1 h; ii, AcOK, MeOH, reflux, 1 h (method A) or 2–4 h (method B).
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Figure  1  Main correlations in the 1H–1H dqf-COSY spectra of compounds 
2d,f.

§	 Crystal data for 3a. Crystals of 3a, mp 62–64 °C, C9H10O4, 
M = 182.17, were obtained by slow evaporation of a hexane solution; 
monoclinic. At 105 K: a = 3.7735(5), b = 29.786(4) and 
c = 7.7343(11) Å, b = 98.255(5)°, V = 860.3(2) Å3, Z = 4, 
dcalc = 1.406 g cm–3, space group P21/n, mMo 0.111 mm–1. The data 
were obtained on a Bruker D8 QUEST diffractometer (graphite 
monochromator, MoKa radiation, l = 0.71073 Å). The intensities of 
24393 reflections were measured, 1774 of which were independent 
(Rint = 0.150) and 1278 were observed with I ³ 2s(I ). The recording 
ranges were: q = 2.7–26.5°, reflection indices: h –4: 4; k –37: 37; l –9: 
9. Semi-empirical corrections for absorption were performed in the 
SADABS program.31 The structure was solved by the direct method 
using the SHELXT program.32 Non-hydrogen atoms were refined in

isotropic and then in anisotropic approximation using the SHELXL 
program.33 Hydrogen atoms were placed in the calculated positions and 
refined using the riding model. All calculations were performed using 
the WinGX34 and APEX235 programs. Analysis of intermolecular 
contacts in the crystal and the drawings were performed using the 
PLATON36 and MERCURY37 programs. The final divergence factors 
were R = 0.0358, Rw = 0.0917 for the observed reflections with 
I ³ 2s(I ), and R = 0.0540, Rw 0.0950 for all the 1774 reflections. The 
goodness-on-fit was 0.920; the residual electron density extremums 
were –0.206 and 0.279 e Å–3.
	 CCDC 2178613 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.

C(9)

O(1)

C(2)

C(3) O(12)

C(13)
C(10)

O(11)

C(5)
C(6)

C(4)

C(7)O(8)

Figure  2  Geometry of methyl 4-acetyl-5-methylfuran-3-carboxylate 3a 
molecule in a crystal. The anisotropic displacement ellipsoids are shown at 
50% probability level.

Figure  3  A fragment of 3a crystal packing. The projection along axis c. 
Short contacts are shown by dotted lines.



Mendeleev Commun., 2023, 33, 11–13

–  13  –

isolated in crystalline form was characterized by single crystal 
X-ray diffraction analysis. 

This study was performed as part of a state assignment with 
financial support from the Ministry of Education of the Russian 
Federation (project no. FSZN-2020-0026). The X-ray diffraction 
study was financially supported within the framework of the 
state assignment for the Federal Research Center ‘Kazan 
Scientific Center of the Russian Academy of Sciences’.

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi: 10.1016/j.mencom.2023.01.003.

References
  1	 E. Nagy, Y. Liu, K. J. Prentice, K. W. Sloop, P. E. Sanders, B. Batchuluun, 

C. D. Hammond, M. B. Wheeler and T. B. Durham, J. Med. Chem., 
2017, 60, 1860.

  2	 A. A. Zuma, S. T. de Macedo-Silva, A. Achari, J. Vinayagam, 
P.  Bhattacharjee, S. Chatterjee, V. K. Gupta, A. C. de Sousa Leite, 
L. S. de Castro, P. Jaisankar and W. de Souza, Exp. Parasitol., 2021, 
224, 108100.

  3	 M. A. Mansour, D. S. Lasheen, H. M. Gaber and K. A. Abouzid, RSC 
Adv., 2020, 53, 32103.

  4	 M. Hossam, D. S. Lasheen, N. S. M. Ismail, A. Esmat, A. M. Mansour, 
A. N. B. Singab and K. A. M. Abouzid, Eur. J. Med. Chem., 2018, 144, 
330.

  5	 H.-T. Gao, J.-K. Ma, Y.-G. Hu and H.-M. Wang, J. Chem. Res., 2021, 
45, 80.

  6	 M. Bakavoli, B. Feizyzadeh and M. Rahimizadeh, Tetrahedron Lett., 
2006, 47, 8965.

  7	 M. Ghazvini, A. S. Shahvelayati, A. Sabri and F. Z. Nasrabadi, Chem. 
Heterocycl. Compd., 2016, 52, 161.

  8	 N. G. Hobosyan, K. V. Balyan, A. R. Pogosyan and A. B. Sargsyan, 
Russ. J. Gen. Chem., 2021, 91, 2123 (Zh. Obshch. Khim., 2021, 91, 
1643).

  9	 Y. Wang, G. J. Pritchard and M. C. Kimber, Eur. J. Org. Chem., 2020, 
2914.

10	 J. Lou, Q. Wang, K. Wu, P. Wu and Z. Yu, Org. Lett., 2017, 19, 3287.
11	 F. Wen, H. Jin, K. Tao and T. Hou, Eur. J. Med. Chem., 2016, 120, 244.
12	 R. N. Ram, D. K. Gupta and V. K. Soni, J. Org. Chem., 2016, 81, 1665.
13	 A. Guthertz, M. Leutzsch, L. M. Wolf, P. Gupta, S. M. Rummelt, 

R.  Goddard, C. Farès, W. Thiel and A. Fürstner, J. Am. Chem. Soc., 
2018, 140, 3156.

14	 M. A. Márquez-Cadena, W. Zhang and R. Tong, Org. Lett., 2021, 23, 
9227.

15	 Z. Luo, Y. Fang, Y. Zhao, P. Liu, X. Xu, C. Feng, Z. Li and J. He, RSC 
Adv., 2016, 6, 5436.

16	 M. Sabbaghan and A. Yousefi, Chem. Heterocycl. Compd., 2015, 51, 
804. 

17	 D. Bakshi and A. Singh, Org. Biomol. Chem., 2017, 15, 3175.
18	 H.-L. Li, Y. Wang, P.-P. Sun, X. Luo, Z. Shen and W.-P. Deng, Chem. – 

Eur. J., 2016, 22, 9348.
19	 Q. Wang, Z. Liu, J. Lou and Z. Yu, Org. Lett., 2018, 20, 6007.
20	 K. A. Gomonov and V. V. Pelipko, Chem. Heterocycl. Compd., 2022, 58, 

394.
21	 J. Feng, X. Yuan, W. Luo, L. Lin, X. Liu and X. Feng, Chem. – Eur. J., 

2016, 44, 15650.
22	 D. S. Nikerov, M. A. Ashatkina, V. A. Shiryaev, I. M. Tkachenko, 

V.  B.  Rybakov, A. N. Reznikov and Y. N. Klimochkin, Tetrahedron, 
2021, 84, 132029.

23	 M. A. Kuritsyna, V. V. Pelipko, O. N. Kataeva, R. I. Baichurin, 
K. D. Sadikov, A. S. Smirnov and S. V. Makarenko, Russ. Chem. Bull., 
2021, 70, 1605.

24	 V. V. Pelipko, R. I. Baichurin, E. V. Kondrashov and S. V. Makarenko, 
Russ. J. Gen. Chem., 2021, 91, 167 (Zh. Obshch. Khim., 2021, 91, 205).

25	 V. V. Pelipko, R. I. Baichurin, K. A. Lyssenko, V. V. Dotsenko and 
S. V. Makarenko, Mendeleev Commun., 2022, 32, 454.

26	 Y. Jiang, V. Z. Y. Khong, E. Lourdusamy and C.-M. Park, Chem. 
Commun., 2012, 48, 3133.

27	 M. Fan, L. Guo, X. Liu, W. Liu and Y. Liang, Synthesis, 2005, 391.
28	 B. C. Ranu, L. Adak and S. Banerjee, Tetrahedron Lett., 2008, 49, 4613.
29	 Z. D. Susam, M. Bozdemir, G. Gündoğdu and C. Tanyeli, New J. Chem., 
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