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Introduction

The results of our long-term systematic research in the field of new fluorine-containing
bioactive compounds preparation show that various CFs-substituted heterocycles can be synthesized
using highly electrophilic 2- and/or 3-substituted derivatives of 4,4,4-trifluoro-2-butenonitrile. The
key step in these transformations is the addition of nucleophiles to the double bond of fluorine-
containing alkenes. This reaction proceeds exclusively at the B-position relative to the CN group. In
this case, transformations with the formation of a new C-C bond are of greatest interest from the
standpoint of organic chemistry. The 2-cyano-, 2-alkoxycarbonyl- and 2-diethoxyphosphoryl-
derivatives of 4,4,4-trifluoro-2-butenonitrile we have studied earlier are capable to C-alkylate
similarly a number of n-donor aromatic and heteroaromatic compounds at room temperature in the
absence of a catalyst [1]. In this work, we studied the reactivity of the simplest representative of the
considered class of electrophiles, 4,4,4-trifluoro-2-butenonitrile, CFsCH=CHCN (1).

The alkene 1 is synthetically available and structurally attractive as a building block in the

synthesis of new fluorine-containing compounds. However, until now its use has been limited to
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individual reactions of Michael addition and cycloaddition [2-6]. The study of the reactions’
conditions of heterocycles C-alkylation should significantly expand the possibilities of
4,44 trifluoro-2-butenonitrile 1 practical using. Indoles and pyrroles were chosen as model
heterocycles because they easily react with similar transformations, and the products of these

transformations can serve as starting materials for obtaining new bioactive substances [7].

Results and discussion

As expected, the reactivity of butenonitrile 1 with respect to m-donor heterocycles was
significantly lower than that of previously studied fluorine-containing 1,1-dicyanoethylenes, which
C-alkylated indole and pyrrole derivatives under mild conditions [8-11]. It was found that alkene 1
doesn’t interact with N-methylindole and N-methylpyrrole in various solvents (benzene, dioxane,
chloroform, CCls) even when heated in sealed ampoules in an inert atmosphere to 120°C. At higher
temperatures only decomposition products of starting materials were found.

Due to the low reactivity of the starting butenonitrile 1, we decided to use Friedel-Crafts
C-alkylation in presence of Lewis acids (see, for example, [12]), which is widely used in electrophilic
substitution reactions involving heterocycles. This method in most cases has a number of limitations,
in particular, low yields and selectivity, high requirements for anhydrous conditions and long reaction
times have been noted. Also in our case, during the interaction of butenonitrile 1 and N-methylindole
or N-methylpyrrole in the presence of AlBrs in CH2Br2 in an inert atmosphere under standard
conditions of the Friedel-Crafts reaction (i. e. with rapid sequential mixing of all reagents), the target
products of cyanoalkylation were obtained in low yields (up to 25%). Characteristic for indoles and
pyrroles transformation in the presence of Lewis acids, the products of resinization and dimerization
of heterocycles were also found [13-15].

At the same time, it was found that preliminary mixing of butenonitrile 1 and Lewis acid,
stirring until homogenization, subsequent addition of heterocycles and then keeping the reaction
mixture until complete conversion of the starting materials can significantly reduce the by-products
formation. In this way it became possible to obtain 4,4,4-trifluoro-3-(indol-3-yl)- and -3-(pyrrol-2-

yl)butanonitriles 2a-c and 3a-c in up to 73% yields (Scheme 1).
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Scheme 1. Supposed route for cyanoalkylation of indoles and pyrroles by butenonitrile 1
in the presence of AlBrs.

Apparently, in this case, butenonitrile 1 forms a stable complex [CFsCH=CHCN—AIBr3] 4
with aluminium bromide (Scheme 1), which activates the B-position of double bond and deactivates
the Lewis acid, reducing content of its free form in solution.

It should be noted that in the general case, the chemical properties of nitrile-Lewis acid
complexes are characterized by a greater ease of nucleophilic attack on the nitrile carbon atom
compared to free nitriles. The reactivity of a,p-unsaturated nitriles containing additional electrophilic
substituents at its double bond has been less studied. The direction of the nucleophilic attack in such
compounds should depend on the electrophilic substituent on the double bond [16]. In our case, the
reaction center in the starting butenonitrile 1 has been the carbon atom adjacent to the trifluoromethyl
group. This is evidenced by the °F NMR spectra of the obtained products 2 and 3, where the
trifluoromethyl group appears as a doublet rather than a triplet, as might be expected in the reverse
addition. The products structure was also confirmed by mass spectrometry data.

When trying to identify and characterize the active intermediate 4, only indirect evidence of
its formation was obtained. Thus, after mixing butenonitrile 1 with AlBr3 in CH2Br2 in an equimolar
ratio under standard reaction conditions (20°C, 1 hour) and subsequent removal of the solvent in a
water jet pump vacuum, a hygroscopic powder was obtained. The mass of the residue was practically
corresponded to the total mass of the used reagents. Analysis of IR spectra showed a shift of the C=N
group stretching bands to higher frequencies (2307 cm™) in comparison with the spectrum of the
initial nitrile (2240 cm™) [17]. This is considered in the literature as reliable criterion for the
participation of nitrile nitrogen in the formation of a coordination bond [18]. After hydrolysis of

resulting powder, extraction with CH2Br», and analysis of the organic phase by gas chromatography,
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the starting butenonitrile 1 was identified therein. The reaction of the resulting powder with
heterocycles under standard conditions led to the formation of the same cyanoalkylated compounds.

Heterocyclic compounds containing easily modified functional groups are of great interest for
fine organic synthesis and drug development. In our work, to expand the bank of functionally
substituted fluorine-contaning indoles and pyrroles, we used the well-known transformation of the
nitrile group - the saponification reaction with the formation of the corresponding carboxylic acids
5a-c and 6a-c (Scheme 2).

CF
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R, 4 2
N /N
/ R
R, !
2a-c 5a-C 73-80%
/ \ CFy _ / \ CF;
Ry N —I> R, N
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b Ri=R,=H
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Reaction conditions: i. 1) H,0, 25% KOH, 75 °c,2h, 2) HCI/H,0, EA.

Scheme 2. Saponification of the nitrile group in the products of cyanoalkylation of indoles and
pyrroles.

It should be noted that, from our point of view, all products obtained using butenonitrile 1 as
a building block are of independent interest as potentially biologically active compounds and are

promising for building more complex condensed systems (cf. Ref. [19-21]).

Experimental section
'H and ®F NMR spectra were recorded on a Bruker Avance ™400 spectrometer with
operating frequencies of 400.13 and 376.50 MHz, respectively. The chemical shifts of the *H nuclei
were determined relative to the residual proton signal of the solvent for solutions in CDCls
(8u 7.26 ppm) and in DMSO-ds (81 2.50 ppm), *°F nuclei - relative to CFCls as an external standard.
The mass spectra of the compounds were recorded on a Finnigan Polaris Q mass spectrometer

(ion trap, EIl, 70 eV). Compound samples in solid form or in the form of a 1% solution in CH2Cl>
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(0.2 pl) were loaded into quartz microampoules, which were inserted into the heated tip of the direct
injection rod. Thermal mass spectrograms were taken in the range from 30 to 200°C.

IR spectra were recorded on a Bruker spectrometer (Tensor 37) in the region of 700-3600 cm'
(in tablets with KBr).

Thin-layer chromatography (TLC) was performed on TLC Silica gel 60 F2s4 plates (Merck)
using petroleum ether (PE) - ethyl acetate (EA) = 3:1 for the nitriles 2a-c and 3a-c or PE-EA-MeOH
= 20:10:1 as eluents for the acids 5a-c and 6a-c. The products were purified by column
chromatography using silica gel Merck Kieselgel 60.

Solvents, if necessary, were absolutized according to standard methods. In the syntheses,
Aldrich reagents were used. 4,4,4-trifluoro-2-butenonitrile 1 was obtained according to the procedure

[4].

Reaction of trifluorobutenonitrile 1 with indole and pyrrole derivatives.

Synthesis of 4,4,4-trifluoro-3-(N-methylindol-3-yl)butanonitrile (2a).
Standard procedure.

30 ml of CH2Br», 3.0 g of AlBrs (11.2 mmol) and 2.03 g (16.8 mmol) of butenonitrile 1 were
successively placed in a two-necked 50 ml flask under argon atmosphere. The resulting solution was
stirred for 1 h until a homogeneous state, cooled to 5°C and then the solution of 2.2 g (16.8 mmol) of
N-methylindole in 2.0 ml of CH2Br, was added dropwise. The resulting mixture was stirred for 1 h,
warmed to room temperature, and the resulting homogeneous solution was stirred for 6 h until
complete conversion of the starting N-methylindole (TLC control). Reaction mixture was hydrolyzed
with saturated NaHCO3 solution to pH = 8 and extracted with CH2Br2 (2 x 30 ml). The organic layer
was dried over Na;SOs, the solvent was removed in vacuum, the residue was chromatographed on a
silica gel column (eluent PE-EA = 3:1) and 3.1g of a colorless powder was obtained (yield 73%),
R¢ = 0.35.

'H NMR spectrum (CDCls, §, ppm, J/Hz): 3.06 (2H, d, 7.70 Hz, CH,); 3.81 (3H, s, CHs); 4.00-4.20
(1H, m, CHCFg); 7.23 (1H, s, Ar); 7.23 (1H, t, 6.99 Hz, Ar); 7.30 (1H, t, 7.31 Hz, Ar); 7.41 (1H, d,
8.28 Hz, Ar); 7.63 (1H, d, 7.98 Hz, Ar).

1F NMR spectrum (CDCls, §, ppm, J/Hz): -70.51 (3F, d, 8.11 Hz, CFs).

Mass spectrum (m/z (lrer (%)): 252 [M]* (28), 212 [M-CH2CN]* (100), 192 [M-CH2CN-HF]* (6),
183 [M-CF3]" (4), 162 [M-CH2CN-CF2]" (21).

4,4,4-Trifluoro-3-(indol-3-yl)butanonitrile (2b).
Colorless powder, 55% vyield, Rs = 0.30. (colorless oil, see Ref. [19]).
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'H NMR spectrum (CDCls, §, ppm, J/Hz): 3.07 (2H, d, 6.99 Hz, CH>); 4.00-4.16 (1H, m, CHCFs);
7.24 (1H, t, 6.99 Hz, Ar); 7.26 (s, 1H, Ar); 7.30 (1H, t, 7.31 Hz, Ar); 7.41 (1H, d, 7.95 Hz, Ar);
7.62 (1H, d, 7.63 Hz, Ar); 8.45 (1H, s, NH) (*H NMR spectrum in acetone-d6 see Ref. [19]).

F NMR spectrum (CDCls, &, ppm, J/Hz): -70.51 (3F, br.s, CFs).

Mass spectrum (m/z (lrel (%)): 238 [M]" (46), 198 [M-CH>CN] (100), 178 [M-CH2CN-HF]* (52),
169 [M-CF3]" (8) (mass spectrum, Ref. [19]).

4,4,4-Trifluoro-3-(2-methylindol-3-yl)butanonitrile (2c).

Colorless powder, 62% vyield, Rs = 0.35.
'H NMR spectrum (CDCls, §, ppm, J/Hz): 2.37 (3H, s, CH3); 3.17 (1H, d.d, 5.75 Hz, 17.5 Hz,
CH(a)H(b)); 3.50 (1H, d.d, 9.90 Hz, 17.5 Hz, CH(a)H(b)); H(a)/H(b) — AB system; 4.04-3.94 (1H,
m, CHCF3); 7.19 (1H, t, 7.21 Hz, Ar); 7.23 (1H, t, 7.09 Hz, Ar); 7.31 (1H, d, 8.44 Hz, Ar); 7.56 (1H,
d, 7.58 Hz, Ar); 8.20 (1H, s, NH).
1F NMR spectrum (CDCls, §, ppm, J/Hz): -69.62 (3F, d, 7.85 Hz, CFs).
Mass spectrum (m/z (lrel (%)): 252 [M]* (50), 212 [M-CH2CN]" (100), 192 [M-CH2CN-HF]* (60),
162 [M-CH2CN-CF2]" (20).

4,4,4-Trifluoro-3-(N-methylpyrrol-2-yl)butanonitrile (3a).

Colorless powder, 70% yield, Rf = 0.44.
'H NMR spectrum (CDCls, §, ppm, J/Hz): 2.93 (1H, d.d, 9.14 Hz, 16.90 Hz, CH(a)H(b)); 3.03 (1H,
d.d, 5.94 Hz, 16.90 Hz, CH(a)H(b)); H(a)/H(b) — AB system; 3.67 (3H, s, CHz); 3.85-3.98 (1H, m,
CHCF3); 6.25 (1H, m, Ar); 6.34 (1H, m, Ar); 6.73 (1H, m, Ar).
1%F NMR spectrum (CDCls, §, ppm, J/Hz): -71.16 (3F, d, 8.25 Hz, CFs).
Mass spectrum (m/z (lrei (%)): 202 [M]" (44), 162 [M-CH2CN]" (100), 142 [M-CH2CN-HF]* (8), 133
[M-CF3] " (4), 112 [M-CH.CN-CF2]* (23).

4,4,4-Trifluoro-3-(pyrrol-2-yl)butanonitrile (3b).

Colorless powder, 58% yield, Rf = 0.38.
'H NMR spectrum (CDCls, §, ppm, J/Hz): 2.90 (1H, d.d, 8.58 Hz, 17.01 Hz, CH(a)H(b)); 3.00 (1H,
d.d, 5.40 Hz, 17.01 Hz, CH(a)H(b)); H(a)/H(b) — AB system; 3.77-3.86 (1H, m, CHCFz3); 6.26 (1H,
m, Ar); 6.30 (1H, m, Ar); 6.84 (1H, m, Ar); 8.51 (1H, s, NH).
1F NMR spectrum (CDCls, §, ppm, J/Hz): -70.77 (3F, d, 8.25 Hz, CFs).
Mass spectrum (m/z (Irel (%)): 188 [M]* (45), 148 [M-CH2CN]" (92), 128 [M-CH.CN-HF]* (100),
119 [M-CF3]+ (9).
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4,4, 4-Trifluoro-3-(5-methylpyrrol-2-yl)butanonitrile (3c).

Colorless powder, 72% yield, Rf = 0.44.
'H NMR spectrum (CDCls, 8, ppm, J/Hz): 2.28 (3H, s, CHs); 2.90 (1H, d.d, 8.27 Hz, 16.66 Hz,
CH(a)H(b)); 2.97 (1H, d.d, 5.72 Hz, 16.66 Hz, CH(a)H(b)); H(a)/H(b) — AB system; 3.72-3.85 (1H,
m, CHCF3); 5.91 (1H, m, Ar); 6.16 (1H, m, Ar); 8.16 (1H, s, NH).
F NMR spectrum (CDCls, 5, ppm, J/Hz): -70.84 (3F, d, 7.85 Hz, CFs).
Mass spectrum (m/z (Irel (%)): 202 [M]* (45), 162 [M-CH>CN]" (88), 142 [M-CH>CN-HF]* (100),
133 [M-CF3]" (9).

Saponification of the nitrile group.

Synthesis of 4,4,4-trifluoro-3-(N-methylindol-3-yl)butanoic acid (5a).
Standard procedure.

To 20.0 ml of a 25% aqueous solution of KOH was added 1.6 g (6.4 mmol) of 4,4,4-trifluoro-
3-(N-methylindol-3-yl)butanonitrile (2a), the resulting suspension was heated to 75 °C, kept up to
formation of a homogeneous solution and stirred for another 2 hours. The mixture was neutralized
with HCI (conc.), extracted with EA (2 x 50 ml) and dried over NaxSOs. After column
chromatography (eluent PE-EA-MeOH = 20:10:1), the organic solvent was removed, the residue
was recrystallized from a mixture of PE-CHCl. = 3:1 and 1.3 g of a colorless powder was obtained
(yield 77%), Rf = 0.33.

'H NMR spectrum (DMSO-dg, 8, ppm, J/Hz): 3.27-3.40 (2H, m, CH); 3.81 (3H, s, CHs); 4.50-4.60
(1H, m, CHCF3); 7.11 (1H, t, 7.23 Hz, Ar); 7.22 (1H, t, 7.23 Hz, Ar); 7.48 (1H, d, 8.17 Hz, Ar); 7.56
(1H, s, Ar); 7.72 (1H, d, 7.93 Hz, Ar); 12.47 (1H, s, COOH) (*H NMR spectrum in acetone-ds see
Ref. [20]).

F NMR spectrum (DMSO-ds, 5, ppm, J/Hz): -69.61 (3F, br.s, CFs).

Mass spectrum (m/z (I (%)): 271 [M]" (63), 251 [M-HF]* (46), 223 [M-HF-CO]* (15),
212 [M-CH2COOH]" (100), 162 [M-CH2COOH-CF-] (28) (mass spectrum cf. Ref. [20]).

4,4,4-Trifluoro-3-(indol-3-yl)butanoic acid (5b).
Colorless powder, 73% yield, Rf = 0.28.
'H NMR spectrum (DMSO-ds, §, ppm, J/Hz): 2.97 (1H, d.d, 9.40 Hz, 16.03 Hz, CH(a)H(b));
3.05 (1H, d.d, 5.20 Hz, 16.03 Hz, CH(a)H(b)); H(a)/H(b) — AB system; 4.23-4.34 (1H, m, CHCFs3);
7.05 (1H, t, 7.19 Hz, Ar); 7.13 (1H, t, 7.19 Hz, Ar); 7.40 (1H, d, 8.07 Hz , Ar); 7.47 (1H, s, Ar);
7.63 (1H, d, 7.96 Hz, Ar); 11.24 (1H, s, NH); 12.50 (1H, s, COOH) (*H NMR spectrum in acetone-
ds see Ref. [19]).
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F NMR spectrum (DMSO-ds, 5, ppm, J/Hz): -69.67 (3F, br.s, CFs).
Mass spectrum (m/z (Il (%)): 257 [M]* (81), 237 [M-HF]* (31), 198 [M-CH,COOH]* (100),
188 (25) [M-CFs]" (mass spectrum, cf. Ref. [19]).

4,4,4-Trifluoro-3-(2-methylindol-3-yl)butanoic acid (5c).

Colorless powder, 80% vyield, Rs = 0.33.
'H NMR spectrum (DMSO-dg, 8, ppm, J/Hz): 2.40 (3H, s, CH3); 3.02-3.13 (2H, m, CHy>); 4.09-4.26
(1H, m, CHCFs); 6.98 (1H, t, 7.23 Hz, Ar); 7.04 (1H, t, 7.00 Hz, Ar); 7.30 (1H, d, 7.70 Hz, Ar);
7.50 (1H, d, 7.70 Hz, Ar); 11.12 (1H, s, NH); 12.44 (1H, s, 1H, COOH) (*H NMR spectrum in
acetone-ds see Ref. [21]).
F NMR spectrum (DMSO-ds, 5, ppm, J/Hz): -68.52 (3F, br.s, CFs).
Mass spectrum (m/z (lrer (%)): 271 [M]" (71), 251 [M-HF]* (11), 212 [M-CH>COOH]" (100),
202 [M-CF3]* (25), 192 [M-HF-CH2COOH]" (8), 162 [M-CH2COOH-CF2]" (19) (mass spectrum see
Ref. [21]).

4,4, 4-Trifluoro-3-(N-methylpyrrol-2-yl)butanoic acid (6a).

Colorless powder, 78% vyield, Rs = 0.45.
'H NMR spectrum (DMSO-ds, &, ppm, J/Hz): 2.81 (1H, d.d, 10.49 Hz, 16.03 Hz, CH(a)H(b));
2.89 (1H, d.d, 4.45 Hz, 16.03 Hz, CH(a)H(b)); H(a)/H(b) — AB system; 3.60 (3H, s, CHa);
4.02-4.15 (1H, m, CHCF3); 5.96 (1H, m, Ar); 6.09 (1H, m, Ar); 6.72 (1H, m, Ar); 12.55 (1H, s,
COOH).
F NMR spectrum (DMSO-ds, §, ppm, J/Hz): -69.82 (3F, br.s, CFs).
Mass spectrum (m/z (lrer (%)): 221 [M]" (100), 201 [M-HF]" (69), 162 [M-CH2COOH]" (98),
142 [M-HF-CH,COOH]" (12), 112 [M-CH>COOH-CF]* (37).

4,4,4-Trifluoro-3-(pyrrol-2-yl)butanoic acid (6b).

Colorless powder, 63% yield, Rf = 0.30.
'H NMR spectrum (DMSO-ds, §, ppm, J/Hz): 2.81 (1H, d.d, 9.32 Hz, 16.23 Hz, CH(a)H(b));
2.89 (1H, d.d, 5.37 Hz, 16.23 Hz, CH(a)H(b)); H(a)/H(b) — AB system; 4.06-4.96 (1H, m, CHCFs3);
5.99 (1H, m, Ar); 6.04 (1H, m, Ar); 6.72 (1H, m, Ar); 10.99 (1H, s, NH); 12.58 (1H, s, COOH).
F NMR spectrum (DMSO-ds, §, ppm, J/Hz): -69.95 (3F, s, CF3).
Mass spectrum (m/z (lrer (%)): 207 [M]* (52), 187 [M-HF]* (60), 148 [M-CH.COOH]* (98),
128 [M-HF-CH2COOH]" (10).
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4,4,4-Trifluoro-3-(5-methylpyrrol-2-yl)butanoic acid (6c¢).

Colorless powder, 75% yield, R = 0.45.
'H NMR spectrum (DMSO-ds, 8, ppm, J/Hz): 2.14 (3H, s, CH3); 2.78 (1H, d.d, 9.22 Hz, 16.05 Hz,
CH(a)H(b)); 2.86 (1H, d.d, 5.09 Hz, 16.05 Hz, CH(a)H(b)); H(a)/H(b) — AB system; 3.82 -3.94 (1H,
m, CHCF3); 5.65 (1H, m, Ar); 5.88 (1H, m, Ar); 10.69 (1H, s, NH); 12.49 (1H, s, COOH).
F NMR spectrum (DMSO-ds, 5, ppm, J/Hz): -69.98 (3F, br.s, CFs).
Mass spectrum (m/z (lrel (%)): 221 [M]* (41), 201 [M-HF]" (81), 162 [M-CH.COOH]"* (62), 142
[M-HF-CH2COOH]" (100).
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