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Abstract-A cyanoethylation of 2-acetyl-5-R-furans, 1-nitro-2(5-R-2-furyl)ethanes, and 2-nitro-1-(2-furyl)-
propane was investigated. The optimum conditionswere determined for preparation of monocyanoethylated
products: nitriles of 5-oxo-5-(5-R-2-furyl)pentanoic and 4-nitro-5-(5-R-2-furyl)pentanoicacids. Thecyano-
ethylation of furyl-containing nitroethanes with excess acrylonitrile provided bisadducts, dinitriles of
4-nitro-4-(5-R-furfuryl)heptanedionicacids.

In extension of our investigations on the chemical
transformations that undergo furan derivatives con-
taining a functional group in the side chain [134] we
report here oncyanoethylation ofb-nitroalkyl and
acetyl derivativesfrom furan series. The nitriles of
g-nitro and d-oxocarboxylic acids thus obtained are
promising semiproducts for preparation of polyfunc-
tional compounds of furan series and of various
heterocyclic systems containing furan moieties.

A limited information was published on cyano-
ethylation of acetylfurans to obtain products of
exhaustive cyanoethylation, tris(b-cyanoethyl) deriv-
atives [5, 6]. Yet no data appeared in the literature
on preparation of monocyanoethylationproducts,
nitriles of 5-oxo-5-(5-R-2-furyl)pentanoicacids.

Monocyanoethyl derivatives of alkylaromatic
ketones were known [739] to arise on heating the
appropriate ketone with acrylonitrile in the presence
of catalytic quantities ofprimary amines and organic
acids. We planned to extend this method in the
present study to the synthesis of monocyanoethylation
products of 2-acetyl-5-R-furansIa, b. We established
that the most favorable conditions of ketonesIa, b
cyanoethylation are as follows: heating to 1603180oC

I, II, R = H (a), Me (b).

at molar ratio ketone Ia, b to acrylonitrile equal to
4 : 135 : 1 for 24325 h in the presence of 5 wt% of
2-aminoethanol and aceticacid. Thecyanoethylation
under the said compounds afforded the target 5-oxo-
5-(5-R-2-furyl)pentanonitrilesIIa, b in 60364% yield.

Before we started this study only one communica-
tion [10] reported on the Michael reaction with
participation of 1-nitro-2-(2-furyl)ethane. The
investigation of 1-nitro-2-(5-R-2-furyl)ethanesIIIa, b
cyanoethylation provided a possibility to obtain the
corresponding bisadducts, dinitriles of 4-nitro-4-(5-R-
furfuryl)heptanedionic acidsIVa, b , in 65370% yield
when the reaction was carried out in dioxane at 803
85oC for 10312 h in the presence of catalytic amounts
of 25% NaOH and at molar ratio of nitroalkane
IIIa, b to acrylonitrile equal to 1 : 4.

The cyanoethylation ofprimary nitroalkanes in the
presence of base catalysts and equimolar reagents

III 3V, R = R̀ = H (a); R = Me, R̀ = H (b); R =
H, R` = Me (c).
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Table 1. Yields, physical constants, and1H NMR spectra of compounds synthesized
ÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Compd.³Yield, ³ bp, oC ³ ³

no. ³ % ³(p, mm Hg)³ nD
20 ³ 1H NMR spectrum,d, ppma

³ ³ or mp, oC ³ ³
ÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

IIa ³ 64 ³1683170 (1)³1.4968³1.5631.72 m (2H, CH2), 2.30 t (2H, CH2CO), 2.42 t (2H, CH2CN), 6.26 d.d
³ ³ ³ ³(1H, C4H, J3,4 3.5 Hz), 6.68 d.d (1H, C3H, J3,5 0.8 Hz), 7.50 d.d (1H, C5H,
³ ³ ³ ³J4,5 1.8 Hz)

IIb ³ 60 ³ 1783180 ³1.5004³1.5031.74 m (2H, CH2), 2.20 s (3H,5-CH3), 2.35 t (2H, CH2CO), 2.50 t
³ ³ (1.5) ³ ³(2H, CH2CN), 6.42 d (1H, C4H, J3,4 3.2 Hz), 6.57 d (1H, C3H)

IVa ³ 70 ³ 69371b ³ 3 ³2.12 t (4H, CH2), 2.54 t (4H, CH2CN), 3.57 s (2H,HtCH2), 6.30 d.d (1H, C4H,
³ ³ ³ ³J3,4 3.3 Hz), 6.80 d.d (1H, C3H, J3,5 0.9 Hz), 7.35 d.d (1H, C5H, J4,5 1.9 Hz)

IVb ³ 65 ³1353137 (3)³1.4995³2.18 t (4H, CH2), 2.25 s (3H,5-CH3), 2.40 t (2H, CH2CN), 3.62 s (2H,HtCH2),
³ ³ ³ ³6.35 d (1H, C3H, J3,4 3.4 Hz), 6.74 d (1H, C4H)

Va ³ 46 ³1013103 (3)³1.4941³2.15 m (2H, CH2), 2.48 t (2H, CH2CN), 3.50 d (2H,HtCH2, J 1.5 Hz), 4.10 m
³ ³ ³ ³(1H, CHNO2), 6.42 d.d (1H, C3H, J3,5 0.8 Hz), 6.68 d.d (1H, C4H, J3,4 3.4 Hz),
³ ³ ³ ³7.54 d.d (1H, C5H, J4,5 1.9 Hz)

Vb ³ 48 ³1103111 (5)³1.4760³2.08 s (2H, CH2), 2.32 s (3H,5-CH3), 2.58 t (2H, CH2CN), 3.54 d (2H,HtCH2,
³ ³ ³ ³J 1.2 Hz), 4.05 s (1H,CHNO2), 6.40 d (1H, C3H, J3,4 3.3 Hz), 6.86 d (1H,
³ ³ ³ ³C4H)

Vc ³ 66 ³1123115 (3)³1.5012³1.65 br.s (3H, CH3), 2.15 t (2H, CH2), 2.58 t (2H, CH2CN), 3.46 s (2H,HtCH2),
³ ³ ³ ³6.34 d.d (1H, C3H, J3,5 0.9 Hz), 6.67 d.d (1H, C4H, J3,4 3.5 Hz), 7.42 d.d
³ ³ ³ ³(1H, C5H, J4,5 1.8 Hz)

ÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
a Spectra of compoundsIIa, b were recorded in CD3OD, that of the other compounds inCDCl3.
b Crystallized from ethanol.

ratio is known to afford as a rule a small amount of
monocyanoethylated products alongside a notable
quantity of the corresponding bisadducts. However
in [12, 13] the monoadduct yield was considerably
increased at the use of potassium fluoride as catalyst.

We found that monocyanoethylationproducts,
nitriles of 4-nitro-5-(5-R-2-furyl)pentanoic acids
Va, b formed in 46348% yield at cyanoethylation
of nitroalkanes IIIa, b with equimolar amount of
acrylonitrile in dioxane or ethanol at 75380oC in
10312 h in the presence of catalytic quantity of
KF32H2O. Under these conditions in the reaction
arise in small amounts (10312%) as side products
also dintriles IVa, b .

The cyanoethylation of 2-nitro-1-(2-furyl)propane
(IIIc ) in the presence of aqueous alkali afforded in
66% yield 4-methyl-4-nitro-5-(2-furyl)pentanonitrile
(Vc).

In the IR spectra of the compounds obtained the
stretching vibrations of the cyanogroup appear as
strong bands with absorption maxima in the 22503
2240 cm31 region characteristic of aliphatic nitriles
[14]. In the spectra ofd-oxonitriles IIa, b are present
absorption bands of the stretching vibrations of
carbonyl groups at 170031690 cm31. In the spectra of

dinitriles IVa, b and nitrilesVa3c are observed also
strong absorption bands at 155531540 and 13603
1345 cm31 corresponding to asymmetrical and sym-
metrical stretching vibrations of nitro groups [14].

Alongside the above vibrations in the spectra of the
compounds synthesized appear also absorption bands
of alternating intensity characteristic of 2-substituted
or 2,5-disubstituted furan fragments [15]: 317033155
[n(CH)], 159031575, 151531505, 139531375 (n of
the cycle), 114031045 [b(CH)], 10103995 (bending
vibrations of the cycle), 9653950 [g(CH)], 8853870
and 7703755 cm31 (b of the cycle).

1H NMR spectra of compounds obtained (Table 1)
also confirm the assumedstructures. To the protons
of furan cycles in nitrilesIIa, IVa, Va, b belong
three groups of resonances in the form of doublet of
doublets at6.3036.68 ppm (H3 of furan, J3,5 0.83
0.9 Hz), 6.2636.80 ppm (H4 of furan, J3,4 3.43
3.5 Hz) and 7.3537.54 ppm (H5 of furan, J4,5 1.83
1.9 Hz), characteristic of 2-substituted furans[15,
16]. In the spectra of compoundsIIa, IVb, Vb
containing methylfuryl fragments the signals of
protons H3 and H4 appear as doublets in the region
6.3536.57 and 6.4236.86 ppmwith a coupling con-
stant J3,4 3.233.4 Hz. Note that in the spectra of
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Table 2. Elemental analyses of compounds synthesized
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compd. ³ Found, % ³ ³ Calculated, %
ÃÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄno. ³ ³ Formula ³
³ C ³ H ³ N ³ ³ C ³ H ³ N

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄ
IIa ³ 66.41 ³ 5.42 ³ 8.82 ³ C9H9NO2 ³ 66.26 ³ 5.52 ³ 8.59
IIb ³ 67.64 ³ 6.10 ³ 8.09 ³ C10H11NO2 ³ 67.80 ³ 6.21 ³ 7.91
IVa ³ 58.13 ³ 5.38 ³ 16.81 ³ C12H13N3O3 ³ 58.30 ³ 5.26 ³ 17.00
IVb ³ 59.93 ³ 5.61 ³ 16.22 ³ C13H15N3O3 ³ 59.77 ³ 5.75 ³ 16.09
Va ³ 55.80 ³ 5.03 ³ 14.65 ³ C9H10N2O3 ³ 55.67 ³ 5.15 ³ 14.43
Vb ³ 57.51 ³ 5.90 ³ 13.54 ³ C10H12N2O3 ³ 57.69 ³ 5.77 ³ 13.46
Vc ³ 57.82 ³ 5.86 ³ 13.37 ³ C10H12N2O3 ³ 57.69 ³ 5.77 ³ 13.46

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄ

d-oxonitriles IIa, b the signal of the proton H3 is
displaced downfield compared to the resonance of the
H4 proton apparently due to the deshieldingeffect of
the carbonyl group[14, 16].

EXPERIMENTAL

IR spectra were recorded on spectrometer Bruker
IFS-48 from thin film or KBr pellets (compound
IVa ). 1H NMR spectra were registered on Bruker
WP-250 SY instrument (250MHz), internal standard
TMS. Thereaction progress and purity of compounds
obtained were monitored by GLC on chromatograph
Chrom-5 equipped with a flame-ionizationdetector,
column 120002 mm, stationary phase 15% of
Apiezon-L on Chromaton N-AW,carrier gas helium,
flow rate 3.6l/h, evaporator temperature 1203299oC,
column temperature 703200oC.

The initial 2-acetylfuran (Ia) [17], 2-acetyl-5-
methylfuran (Ib ) [17], 2-nitro-1-(furyl)ethane (IIIa )
[1], (1-methyl-2-furyl)-2-nitroethane (IIIb ) [1], and
2-nitro-1-(2-furyl)propane (IIIc ) [1] were obtained
along known procedures.

Nitriles of 5-oxo-5-(5-R-2-furyl)pentanoic
acids IIa, b. A mixture of 2 mol of 2-acetyl-5-R-furan
Ia, b, 26.5 g of acrylonitrile, 15 g of2-aminoethanol,
3 g of aceticacid, and 0.3 g of hydroquinone was
stirred for 24325 h at 1603180oC. The excess initial
ketone was distilled offfrom the reaction mixture
under reducedpressure, and theresidue was distilled
in vacuo to obtain nitrilesIIa, b .

Dinitriles of 4-nitro-4-(5-R-furfuryl)pentanoic
acids IVa, b. To a solution of0.04 mol of 1-nitro-2-
(5-R-2-furyl)ethaneIIIa, b in 30 ml of dioxane was
added whilestirring 1.5 ml of 25%aqueousNaOH,
and then dropwise8.48 g ofacetonitrile. The reaction
mixture was stirred for 10312 h at 80385oC, cooled

to 20oC, neutralized with 5%HCl, and poured into
100 ml of water. Theseparated oily substance was
extracted into ether (3020 ml), the extract was
washed with water and dried with Na2SO4. The
solvent was removed under reducedpressure, and the
residue either was crystallized from ethanol (in
preparation of dinitrileIVa ) or was distilled in vacuo
in the stream of inert gas (in preparation of dinitrile
IVb ).

Nitrile of 4-methyl-4-nitro-5-(2-furyl)pentanoic
acid (Vc) was obtained similarly from 2-nitropropane
IIIc and equimolar amount of acrylonitrile.

Nitriles of 4-nitro-5-(5-R-2-furyl)pentanoic acids
Va, b. To a mixture of 0.04 mol of nitroethane
IIIa, b and 0.5 g of KF32H2O in 30 ml of ethanol
was added dropwise2.12 g of acrylonitrile. The
reaction mixture was stirred for 10312 h at 75380oC,
cooled to 20oC, the catalyst was filteredoff, and the
filtrate was evaporated at reducedpressure. The
residue was distilled in vacuo in a stream ofinert gas
to obtain nitriles Va, b. The characteristics of
compounds obtained are given in Tables 1, 2.
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