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Abstract—Methods of aryl(hetaryl)-substituted gem-cyanonitroethenes preparation are summarized, and the
products structure elucidation by means of 'H, °C NMR, IR, and UV spectroscopy methods is discussed. E-
Configuration of the compounds obtained has been proved. Reaction of the studied gem-cyanonitroethenes with
2,3-dimethyl-1,3-butadiene affords the diene synthesis adducts — 6-aryl(hetaryl)-3,4-dimethyl-1-nitro-1-cyano-
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Geminal cyanonitroethenes are synthetically
accessible convenient synthons for preparation of
various organic compounds [1].

Aryl(hetaryl)-containing gem-cyanonitroethenes have
been prepared via condensation of the corresponding al-
dehydes with nitroacetonitrile under various condi-
tions: in the presence of methylamine or ethylamine
hydrochlorides and sodium carbonate [2—7], B-alanine
[8], n-propylamine [9], Iran dolomite [10], and on
silica gel [11]. Preparation of nitrile of a-nitrocinnamic
acid and its analogs via alkenylation of nitroaceto-
nitrile with aldehydes in aqueous medium [12], solvent
free conditions [13], in ionic liquids [14a], and under
microwave irradiation [14b] has been reported.
Unfortunately, most of the mentioned papers lack
information about the quality grade of nitroacetonitrile
introduced to the reaction. Most likely, crude
nitroacetonitrile has been initially converted into the
ammonium salt that was acidified afterwards [15];
therefore, synthesis of gem-cyanonitroethenes via the
described procedure requires two additional steps.

Other studies devoted to the reactions of nitro-
containing methylene compounds with aryl(hetaryl)
aldehydes under acidic catalysis [16-18] have
demonstrated that gem-cyanonitroethenes can be

synthesized using crude (not purified) nitroacetonitrile
obtained via the reaction of methazonic acid with
thionyl chloride [2] in the absence of any catalytic
agents [16, 18, 19]. Purified nitroacetonitrile has been
introduced in the reactions with furfural, 2-formyl-
thiophene, 2-formylpyrrole, and 1-methyl-2-formyl-
pyrrole [19-21]. The nitroacetonitrile can be purified
via the two methods: fractional distillation under reduced
pressure and column chromatography on silicic acid
[21]. The reaction of the so purified nitroacetonitrile
with heterocyclic aldehydes proceed in anhydrous
ethanol or in an ethanol-diethyl ether mixture at 20°C
without any catalytic agents to give the corresponding
gem-cyanonitroethenes with up to 77% yield.

We prepared a number of aryl- and hetaryl-sub-
stituted gem-cyanonitroethenes I-VI via condensation
of crude nitroacetonitrile [2] with the corresponding al-
dehydes; the nitroalkenes were isolated in up to 90% yield
(Scheme 1).

Structures of the synthesized 2-aryl(hetaryl)-1-cyano-
I-nitroethenes I-VI were studied by IR, UV, and NMR
spectroscopy methods.

The value of the olefinic proton chemical shift
served as the main indication of the geometry con-
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Table 1. '"H NMR spectral parameters of gem-E-cyanonitroethenes I-VI (3, ppm; J, Hz)

-1V
Comp.no| X Y Ha CH[SH(SH) o ‘ o Ar. :Cet " .~
I H H 8.66 s - 8.01d.d 7.59 d.d 7.69 t.t
he 8.24,°J,,7.45,%J,41.20
1 MeO | H 8.58 s 3.94s 8.01d | 7.06 d -
Jhe 9.00
)| OH MeO | 857s |401(650s)| 7.78d | 749dd | - 7.08d | -
or 8.24,%J,, 1.83
v MeN | H 8.42's 3.19s 7.90 brd | 6.74 d -
he 9.22
v 0 - | 843s - 754d | - | es8tdd | - | 7934
Jhe3.43,°J,41.55
VI S ~ | 88ls - 8.00d | - 736dd |~ | 804d
3y 4.02,°7.,491
Model compound [24]
787d | [7.60d]
Ph-CH,=CHy-NO, 140

figuration of the discussed gem-functionalized nitro-
ethenes as assessed by means of 'H NMR spectro-
scopy: in the case of the cis-orientation towards to the
nitro group, the corresponding signal was shifted
downfield (due to the anisotropic effect of the nitro
group [22, 23]) as compared to the trans-orientation case.

'H NMR spectra of the gem-cyanonitroethenes I—
VI recorded in CDCl; solution confirmed their stereo
homogeneity (Table 1). The chemical shift of the
olefinic proton H, was of 8.42-8.81 ppm, being

Scheme 1.
(0] NO, Hu NO,
< EtOH abs.
R—< + _— —
H CN R CN
I-VI

R = Ph (I), 4-MeOC4H, (IT), 4-HO-3-MeOC¢H; (IIT), 4-
Me;NCgH, (IV), 2-furyl (V), 2-thienyl (VI).

shifted downfield compared to that in the model E-
nitroethenes. For example, the chemical shifts of Ha
and Hp protons were of 7.87 and 7.60 ppm,
respectively, in "H NMR spectrum of B-nitrostyrene
(CDCl;), the coupling constant being of *Jx5 14.0 Hz
[24]; in the spectrum of nitrile of a-nitrocinnamic acid
I, the chemical shift of Hs proton was of 8.66 ppm
leading to the conclusion about FE-configuration of
compound I. Similarly, the E-configuration of other
gem-cyanonitroethenes II-VI was confirmed.

Analysis of the long-range spin-spin coupling
constants in 'H NMR spectra of furan-, thiophene-,
and pyrrole-based gem-cyanonitroethenes allowed
investigation of their conformational isomerism with
respect to the heterocycle—ethylene fragment single
bond [19]. That approach has been described in view
of elucidation of the conformation of 2-vinylfuran-
(thiophene) and their nitro- and formyl-containing
derivatives. In detail, the coupling constant between
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Scheme 2.

X=0,S, NMe.

the olefinic proton and the H? proton evidences about
the presence of the s-trans-conformer, and the nonzero
constant between the olefinic proton and the H® proton
confirms the presence of the s-cis-conformer [25-27].
The both mentioned coupling constants [>J(HAH?) 0.5—
1.0 and *J(HAH) 0.3-0.5 Hz] were found in the 'H
NMR spectra (CDCIl;) of 1-nitro-2-furyl(thienyl; 1-
cyano-2-furyl(thienyl; 1-methylpyrrolyl)-1-nitroethenes,
thus revealing the coexistence of the s-trans- and s-cis-
conformers and indicating the possibility of free
rotation around the heterocycle—ethylene fragment
ordinary bond (Scheme 2).

The example of the thiophene-containing gem-
cyanonitroethene VI showed that replacement of
CDCl; on the more polar (CD;),CO shifted the
conformational equilibrium: compound VI existed

exclusively in the form of the s-trans-conformer in the
(CD3),CO solution [19].

The C NMR spectra of certain representatives of
gem-cyanonitroethenes have been reported earlier [10,
12-14, 28] but the signal assignment has not been
accomplished; complete assignment of the *C NMR
signals has been performed only for B-(2-methoxy-
carbonylphenyl)-a-nitroacrylonitrile [8].

BC NMR spectra of gem-cyanonitroethenes I-VI
recorded in this work (Table 2) contained the signals
of all the carbon atoms present in the structures. In
particular, the signals of the carbon atom adjacent to
the two electron withdrawing nitro and cyano groups
were found to be upfield shifted (116.17-131.09 ppm)
as compared to the carbon atom in B-position with

Table 2. >C NMR spectral parameters of gem-E-cyanonitroethenes I-VI (8, ppm; J, Hz)

C‘r)lglp' X | vy | ¢ ¢ | CH, ol c ct o c e c
I H H 148.65 |123.33 - 111.03 | 127.40 132.34 130.03 135.63
(Jen (JC'H, ("Jen 161.54) ("Jen 163.70) (Jen
160.05) 11.26) 163.10)
II MeO H 148.19 | 120.54 | 56.06 | 111.86 |120.00 135.34 115.73 165.98
(Jen (Jen | CJC'HA (‘Jen 161.66) ("Jen 163.38)
158.55) 158.55) | 11.10)
I OH MeO | 148.71 | 12040 | 56.45 | 11220 |120.06 | 111.57 | 131.55 | 147.46 | 115.83 | 153.43
(Jen (Jen | CJC'Ha (Jen (Jen (Jen
158.39) 145.69) | 11.50) 159.11) | 162.94) 164.86)
IV MeN H 147.92 |116.17 | 40.43 | 113.59 |115.05 136.06 112.41 155.38
(Jen (Jen | CJC'Hy ("Jen 157.35) ("Jen 161.18)
156.43) 137.83) | 10.86)
vV © — | 13299 |119.73 - 110.75 | 144.75 | 127.30 - 115.42 - 151.52
(Jen (JC'Ha (Jen (Jen (Jen
163.57) 11.70) 181.47) 180.71) 206.87)
VI S — | 14095 |120.28 - 111.14 | 131.55| 140.80 - 129.91 - 139.40
(‘Jen (JC'H, (‘Jen (‘Jen (‘Jen
162.63) 11.50) 173.48) 172.68) 187.86)
RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 8 2015
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Fig. 1. "H-"*C HMQC spectrum of (E)-1-cyano-1-nitro-2-phenylethene I in CDCl;.

respect to the nitro group (132.99-160.04 ppm) {in
contrast to the gem-alkoxycarbonyl(acetyl)nitroethenes
analogs [29, 30]}. That was in line with to the well
known anisotropic effect of cyano group [23].

Validity of the proton and carbon signals
assignment in the 'H and C NMR spectra of gem-
cyanonitroethenes I-VI was confirmed by the data of
two-dimensional NMR experiments (HMQC and HMBC).
In detail, the Hp olefinic proton (6 = 8.66 ppm) was
correlated with the C* carbon atom (8 = 148.65 ppm) in
the "H-"*C HMQC spectrum of gem-cyanonitrostyrene
I (Fig. 1). The HMBC data allowed unambiguous
assignment of the signals of hydrogen and carbon
atoms at ortho- and meta-positions of benzene ring and
the C* atom signal in the case of 2-(4-N,N-dimethyl-
aminophenyl)-1-cyano-1-nitroethene IV basing on the
presence of the corresponding cross-peaks of the Hp
proton and the C* carbon atom (Fig. 2).

E-Configuration of one of the gem-cyanonitro-
ethenes, 2-(2-methoxycarbonylphenyl)-1-nitro-1-cyano-
ethene (Oga = 9.49 ppm), stated earlier [8] was addi-
tionally confirmed by the value of the heteronuclear
coupling constant between the H, proton and the
carbon atom of cyano group [*J(HAC') = 14 Hz]
corresponding to their trans-location. That constant

was observed in the proton-coupled ?C NMR spectra
of E-gem-cyanonitroethenes I-VI recorded in this
work [*J(HAC") = 10.86-11.70 Hz].

IR and electronic absorption spectra of compounds
I-VI were similar to the earlier described ones
[19, 31-34] (Table 3).

The electronic spectroscopy data did not contradict
the conclusion about E-configuration of gem-cyano-
nitroethenes I-VI suggested above based on the NMR
data. Indeed, comparison of the electronic spectra data
for the simplest 2-aryl(hetaryl)-1-nitroethenes [24, 34]
with the data listed in Table 3 indicated that
introduction of the cyano group led to bathochromic
shift of the long-wave absorption band, thus strongly
confirming the existence of gem-cyanonitroethenes I-
VI in the E-form. Let us give a typical example of the
spectral parameters change due to the presence of the
cyano group: 2-(para-dimethylaminophenyl)-1-nitro-
ethene (Amax = 437 nm, € = 28700 L mol ' cm™') and com-
pound IV (Apax = 485 nm, £ = 46300 L mol ' ecm™) [31].

IR spectrum of the simplest E-gem-cyanonitro-
styrene I contained the absorption bands typical of the
covalently bound conjugated nitro group, v,s = 1537 and
vs=1317 cm'. However, the spectra of its analogs, E-

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 8 2015
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Fig. 2. '"H-"*C HMBC spectrum of (£)-2-(4-N, N-dimethylaminophenyl)-1-cyano-1-nitroethene IV in CDCl;.

II-VI containing electron-donating substituents (such
as methoxy, hydroxyl, or dimethyamino groups) at the
benzene ring or furan (thiophene) components
revealed the spectra similar to that of the model E-2-
aryl(hetaryl)-1-nitroethenes;' in particular, the recorded

spectra contained no typical bands of the covalently
bound nitro group whereas the extraordinarily strong
bands at 1595-1640 (C=C, C=N") and 1315-1335,
1300-1305 cm ' (NOO") were observed (cf. [19-21,
32, 33]). The spectral features evidenced about high

Table 3. IR and electronic spectra parameters of gem-E-cyanonitroethenes I-VI

Comp. R v, om Amaw NM°* | €, L mol ™' cm™
no. NO, (NOO") CN C=C (C=N")
1 Ph 1537, 1317 2225 1618 328 17000
I 4-MeOCH, (1320, 1305) 2230 (1595, 1640) 390 30000
1 4-HO-3-MeOC H, (1320, 1305) 2225 (1595, 1620) 390 28500
v 4-Me;NC4H, (1315, 1300) 2230 (1595, 1640) 485 46300
% 2-Furyl (1335, 1305) 2225 (1620) 371 21500
VI 2-Thienyl (1335, 1305) 2225 (1615) 375 17900
Model compound
. OCH:CH_NOZ (1320, 1298, 1267) - (1600) 437 28700

* The absorption bands at A > 270 nm (EtOH) are given.

! In the review [25] the absorption bands at 1510-1550 and 1340 cm'
in IR spectra of furylnitroethenes have been attributed to the
asymmetric and symmetric stretching, respectively, of nitro group.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 8 2015
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polarity of the molecules due to the efficient con-
jugation involving p-electrons of nitrogen, oxygen or
sulfur, double carbon-carbon bond, and the nitro group.

O\ 0\
H N=0 H N—O
— /
CN / CN
+
(Me)N (Me),N

The high polarity of E-gem-cyanonitroethenes was
confirmed using the dipole moments method with
nitrile of o-nitrocinnamic acid (peyp, 5.46 D) as an
example; the molecule was completely coplanar, and
the both substituents (nitro and cyano groups)
participated in the conjugation [35].

The X-ray analysis data of a-nitrocinnamic acid
nitrile, its derivatives (ortho- and para-methoxy-
substituted at the benzene ring), and gem-cyano-
nitroethene of ferrocene type available in the literature
have confirmed the molecules E-configuration in the
crystal [7, 28, 36, 37].

Nitriles of a-nitrocinnamic acids and their hetero-
analogs have been recognized as highly reactive
species: they easily react with C-, N-, and P-nucleo-
philes [1]. Their reactions with 1,3-dipoles [7, 38—42]
and vinyl ethers [43—45] yielding practically important
cyclic compounds are of the particular interest.

Due to the presence of the electron-deficient C=C
bond in the molecules of gem-cyanonitroethenes, they
can be used as dienophile components in the Diels—
Alder reactions. However, the information about
preparation of the diene synthesis adducts based on
aryl(hetaryl)-containing cyanonitroethenes has only
appeared recently. The available examples include the
interaction of these nitroalkenes with cyclo-pentadiene
[46]; the reactions have been performed in anhydrous
nitromethane at room temperature during 24 h and
have yielded a mixture of endo(NO,)- and exo(NO,)-
isomers of gem-cyanonitronorbornenes, with a
predominance of first. Structure of the endo(NO,)-
isomers has been confirmed by NOESY spectroscopy
[46] and X-ray diffraction analysis [47]; the kinetic
[48] and quantum-chemical studies of the reactions
have been performed [49-51].

The diene condensations between 1-cyano-1-nitro-
2-(4-cyanophenyl)ethene and 2,3-dimethyl-1,3-buta-
diene (in bulk, 30°C, 10 h) as well as between 2-(4-

BAICHURIN et al.

methylphenyl)-1-cyano-1-nitroethene and divinyl [the
latter being generated in situ from 3-sulfolene under
the reaction conditions (110°C, 12 h)] have been
described in [13].

We found that gem-cyanonitroethenes I, II, V, and
VI reacted smoothly with 2,3-dimethyl-1,3-butadiene;
the reactions proceeded in toluene under reflux during
2-9 h in the absence of any catalyst. The func-
tionalized cyclohexenes VII-X were obtained in up to

94% yield.
R CH,
1 -
NC” TNO, CH;

LIL V, VI
HAH HBH

toluene, A,2-9 h

NO,
HA' HB'
VII-X

R = Ph (I, VII), 4-MeOC¢H, (I, VIII), 2-furyl (V, IX),
2-thienyl (VI, X).

The prepared gem-cyanonitrocyclohexenes were
crystalline solids. Compound VII has been earlier
synthesized via the three-component solvent-free
reaction from benzaldehyde, nitroacetonitrile, and 2,3-
dimethyl-1,3-butadiene (60°C, 5 h) [13].

Structure of the products VII-X was confirmed by
IR and 'H NMR spectroscopy data (Table 4). In
particular, the IR spectra contained strong absorption
bands assigned to stretching of non-conjugated nitro
group (Ve = 1565-1570 and v, = 1355-1370 cm ™).
Stretching vibrations of the cyano group were not
registered in the IR spectra; that feature of the non-
conjugated gem-nitro nitrile fragment could be
probably explained by the electronic effect of the
neighboring nitro group [52]. Similarly, the cyano
group has been inactive in IR spectrum of
nitroacetonitrile; however, the corresponding band in
the Raman spectrum (2270 cm™') is strong [19].

"H NMR spectra of cyanonitrocyclohexenes VII-X
contained the signals of all the protons present in the
molecules. In detail, the spectrum of compound X
solution in CDCI; (Fig. 3) contained a singlet of the
protons of the CH; groups at the double bond of the

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 8 2015
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Table 4. Spectral parameters of gem-cyanonitrocyclohexenes VII-X

Comp. R v, em’! Sy, ppm (J, Hz)
no. NO, CH; Hy' Hy' H," Hy" H | Ar, Het [OCH;]
VIl Ph 1570,1360 | 1.75s | 327d | 2.82d | 278m | 247dd 7.30-7.40 m
3.65d.d
2Jup 16.5 2T 17.94
3Ty 11.84, 3 Jgy 5.55
VI | 4-MeOCGH, | 1565,1360 | 1.73s | 326d | 2.80d | 274m | 2.42dd \ 65 dd 6.85d, 7.27d
2w 17.0 T 18.00 oo ¢ Jpe 8.85
3 Tt 11.90, 3Jipy 5.80 [3.78 5]
X 2-Furyl 1565,1355 | 1.75s | 3.27d | 2.82d | 278m | 2.46dd 6.30-7.35 m
2Jup 16.5 2Jop 18.16 3.65dd
3 12.0, 3 Ty 5.45
X 2-Thienyl | 1570,1370 | 1.74s | 324d | 284d | 274m | 259dd wotdd| 6% d (H),
2 16.0 2) e 17.33 S 7.04dd (Hdb)
3 o 11,52, 3y 5.70 7327 d (HY)
e 3.68,
3.45.06

ring (& = 1.74 ppm); the cyclic methylene protons
C’Hy and C*Hp resonated as an AB-system and were
detected as doublets at 3.24 and 2.84 ppm [2/(HoHg) =
16.00 Hz]; the C’Hu», C’Hp, and C°H protons of a
three-spin ABX-system were observed at 2.74, 2.59,
and 4.01 ppm, respectively; the protons of thiophene
ring resonated as two doublets (6.98 and 7.27 ppm)
and a doublet of doublets (7.04 ppm).

Availability of the starting reagents, simplicity of
the procedure, and good yields of the products
suggested that the proposed method was a convenient
approach towards synthesis of gem-cyanonitro-
cyclohexenes.

The new nitro- and cyano-substituted cyclohexenes
obtained in this work are of definite practical interest
in view of the application as synthetic intermediates
for preparation of pharmacologically active com-
pounds. Substituted cyclohexanes and cyclohexenes
have been recognized as the key parts of a number of
practically important compounds or intermediates for
their preparation [53-56]. gem-Cyanonitrocyclo-
hexenes containing pharmacophore furan or thiophene
fragments are of special significance since many
derivatives of these heterocycles (such as furacilin,
furazolidone, furagin, furosemid, pyrantel, ketotifen,
and others) have been widely used in the medicine
[57].

EXPERIMENTAL

Physico-chemical studies were performed in the
Center for Collective Use of the faculty of chemistry,
Herzen State Pedagogical University of Russia.

'H, BC—{'H} NMR, 'H-"*C HMQC, and 'H-"C
HMBC spectra of the solutions in deuterated chloro-
form were registered with a Jeol JNM-ECX400A
spectrometer operating at 399.78 (‘H) and 100.53
(C) MHz. The residual proton signals of the non-
deuterated solvent served as the internal reference. IR
spectra were recorded with a Shimadzu IR-Prestige-21
Fourier spectrometer in the chloroform solution (¢ =
40 mg mL™"). Electronic absorption spectra of the
ethanolic solutions were recorded using a Shimadzu
UV 2401PC instrument (quarts cell, / = 1.01 mm).
Elemental analysis was performed with a EuroVector
analyzer (EA 3000, the CHN Dual configuration).

1-Cyano-1-nitro-2-phenylethene I was prepared as
described in [2] from benzaldehyde and nitroaceto-
nitrile in the presence of MeNH, HCl and Na,COs;
other gem-cyanonitroethenes II-VI were synthesized
from crude nitroacetonitrile without any catalyst
[18, 19].

3,4-Dimethyl-1-cyano-1-nitro-6-phenyl-3-cyclo-
hexene (VII). 2,3-Dimethyl-1,3-butadiene (0.33 mL,
0.003 mol) and approximately 0.05 g of hydroquinone
as polymerization inhibitor were added to a suspension

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 8 2015
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Fig. 3. "H NMR spectrum of 3,4-dimethyl-1-cyano- 1-nitro-6-(2-thienyl)-3-cyclohexene X in CDCl;.

of 1-cyano-l-nitro-2-phenylethene 1 (0.174 g,
0.001 mol) in 3.3 mL of toluene. The reaction mixture
was refluxed during 3 h. After cooling, the solvent and
excess of 2,3-dimethyl-1,3-butadiene were removed;
the residue was treated with ethanol. Yield 0.192 g
(75%), colorless crystals, mp 90-92°C (ethanol) (mp
98-100°C (Et,0) [13]). Found, %: C 70.34, 70.48; H
6.31, 6.38; N 10.79. C;sH;4N,O,. Calculated: C 70.31;
H 6.25; N 10.94.

3,4-Dimethyl-6-(4-methoxyphenyl)-1-cyano-1-
nitro-3-cyclohexene (VIII) was prepared similarly
from 2-(4-methoxyphenyl)-1-cyano-1-nitroethene II
and 2,3-dimethyl-1,3-butadiene; the reaction mixture
was refluxed with toluene during 9 h. Yield 94%,
colorless crystals, mp 108—110°C (ethanol). Found N,
%: 9.63. C;cH;7N,05. Calculated N, %: 9.79.

3,4-Dimethyl-6-(2-furyl)-1-cyano-1-nitro-3-cyclo-
hexene (IX) was prepared similarly from 1-cyano-1-
nitro-2-(2-furyl)ethene V and 2,3-dimethyl-1,3-buta-

diene; the reaction mixture was refluxed with toluene
during 2 h. Yield 54%, colorless crystals, mp 93-94°C
(ethanol). Found N, %: 11.53. C;3H4N,0s. Calculated N,
%: 11.38.

3,4-Dimethyl-1-cyano-1-nitro-6-(2-thienyl)-3-
cyclohexene (X) was prepared similarly from 1-cyano-
I-nitro-2-(2-thienyl)ethene VI and 2,3-dimethyl-1,3-
butadiene; the reaction mixture was refluxed with
toluene during 4 h. Yield 83%, colorless crystals, mp
122-124°C (ethanol). *C—{'"H} NMR spectrum (CDCl;),
dc, ppm: 18.52, 18.56, 38.34, 42.04, 43.18, 90.85,
113.45, 120.32, 126.00, 126.63, 127.05, 127.27, 137.60.
Found, %: C 59.77; H 5.29; N 10.48. C;3H4N,SO..
Calculated, %: C 59.54; H 5.34; N 10.68.
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