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Abstract: The C?-alkylation of pyrrole derivatives with 2-(2,2,2-trifluoroethylidene)
malononitrile 1, formed in situ from ethyl hemiacetal trifluoroacetaldehyde 2 and malononitrile in
the presence of a base, has been carried out. As a result of this three-component reaction, nitriles
were obtained - derivatives of 4,5,6,7-tetrahydroindole and pyrrole 4a, b, c. A competing reaction is
C2-oxyalkylation of the pyrrole ring with hemiacetal 2. It has been shown that the side reaction can
be completely suppressed by lowering the reaction temperature to -30°C. When the ethyl ester of
trifluoropyruvic acid 3 reacts with pyrrole derivatives in the presence of malononitrile, the main
reaction is the C2-oxyalkylation of the pyrrole ring, rather than its C?-alkylation formed in situ by
alkene 10. Nitriles 6 - 9 were obtained in high yields from pyrrole derivatives and alkene 10. The
structure of the compounds was confirmed by *H, °C, ®F NMR spectroscopy, mass spectrometry

and high-resolution mass spectrometry.
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(dicyanomethyl)-3,3,3-trifluoro-2-(4,5,6,7-tetrahydro-1H-indol-2-yl)propanoate, three-component
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Introduction
The synthesis of heterocyclic organofluorine compounds has attracted a lot of attention for
many years. Their promise is especially noticeable in pharmaceutical chemistry; about 20% of all

drugs contain at least one fluorine atom. However, the synthesis of these compounds often causes
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unexpected difficulties [1-4]. Trifluoroacetaldehyde ethyl hemiacetal 2 and trifluoropyruvic acid
ethyl ester 3 are some of the most important synthones with which heterocyclic compounds
containing a trifluoromethyl group can be prepared. We previously reported on a three-component
reaction of indole derivatives, 2 and malononitrile in the presence of a base, leading to 3-(1H-indol-
3-yl)-2-cyano-4,4,4-trifluorobutanoic acid nitriles in good yields [4]. Cyano pyrrole derivatives and
THI are potentially biologically active substances, and can also be used as intermediates in further
directed synthesis to search for new biologically active compounds or plant growth regulators [5].
Currently, multicomponent reactions have reached the level of advanced synthetic tools, the search
and development of which is stimulated by the principles of waste-free chemical production, that is,
"green chemistry". The use of the three-component synthesis procedure allows avoiding the stage of
obtaining, purifying, and using fluorine-containing cyanoethylenes, which are known for their
toxicity [6, 7].

In this work, we applied a three-component one-step synthesis to obtain fluorine-containing
cyanide derivatives of pyrrole and indole, substituted at position 2, based on fluorocarbonyl

compounds 2 and 3.

Results and discussion
Developing systematic studies of the synthesis of fluorine-containing heterocyclic
compounds, starting from fluorine-containing cyanoethylenes, we showed that the C2-alkylation of
indoles with such a reactive alkene as 2-(2,2,2-trifluoroethylidene)malononitrile 1 can be carried out
as a result of the three-component reaction of indoles, hemiacetal 2 and malononitrile in the

presence of a base, i.e. without isolation of alkene formed in situ [4] (Scheme 1).

-EtOH N(Et);3
CF;CH(OH)OEt === CF;CHO + NCCH,CN ——— CF3;CH=C(CN),
EtOH -H,0
2 1

Scheme 1. Synthesis of 2-(2,2,2-trifluoroethylidene)malononitrile 1.

This approach creates the prospect of widespread use of fluorinated cyanoethylenes without
their preliminary isolation from the reaction mass. In this paper, we tried to expand a number of
used heterocyclic substrates to 4,5,6,7-tetrahydroindole (THI), pyrrole and their N-methyl
derivatives. In addition, we also used ethyl ether of trifluoropyruvic acid 3 as a polyfluorocarbonyl
precursor of cyanoethylenes. The use of THI instead of indole in reactions with polyfluorocarbonyl
compounds makes it possible to ultimately obtain not 3-, but 2-substituted indoles [8]. Unlike
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indole, THI and pyrrole under mild conditions undergo C?-oxyalkylation under the action of
semiacetal 2, which creates competition for the three-component process of alkene 1 formation and
C2-alkylation of THI with this alkene.

The interaction of THI or N-Me-THI with aldehyde 2 and malononitrile was carried out in
DCM. In the case of N-Me-THI at 5°C after exposure for 16 hours and subsequent chromatographic
separation, nitrile 4a and alcohol 5a were obtained with yields of 57% and 17%, respectively.
A decrease in the reaction temperature to -30°C led to the formation of 4A nitrile with a yield of

69% and a decrease in the yield of 5A alcohol to trace amounts of 4% (Scheme 2).
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Scheme 2. Three-component synthesis of nitriles 4 and alcohols 5,
a) Ri=Me, R2+R3= (CH>)s; b) R1=H, R2+R3= (CH2)4;
¢) Ri=Me, R, = Rs= H; d) Ri=H, R, = Rs= H.

At room temperature, the ratio of the resulting products 4a and 5a according to °F NMR
spectroscopy was 43:57, i.e. the formation of alcohol 5a prevailed. From these data, it follows that a
decrease in the reaction temperature leads to an increase in the relative amount of nitrile 4a relative
to alcohol 5a. The same pattern is observed in the interaction of unsubstituted THI with hemiacetal
2 and malononitrile at 5°C. The relative amounts of isolated products 4b and 5b were 39 and 23%,
while at -30°C, only nitrile 4b was obtained with a yield of 75%, and according to °F NMR
spectroscopy and TLC (manifestation of TLC by Ehrlich reagent), no traces of alcohol 5b were
found in the reaction mass.

In the case of N-Me-pyrrole, 2 and malononitrile in DCM at 5°C, the three-component
reaction leads to the products of C2-alkylation 4¢ and C2-oxyalkylation 5c, isolated in 54 and 13%
yields, respectively. By lowering the reaction temperature to -30°C, the side reaction of
C2-oxyalkylation was also completely suppressed, the nitrile yield was 71%. In the case of
unsubstituted pyrrole, stable nitrile 4d could not be isolated.

In the case when in the three-component reaction with THI, pyrrole and their N-Me-
derivatives, instead of hemiacetal 2, a more reactive ethyl ester of trifluoropyruvic acid 3 was used,

the products of the three-component reaction, as a rule, were formed in insignificant amounts
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(6 - 9%). Relative success was achieved only in the cases of unsubstituted THI and pyrrole at

-30°C. Nitriles 7 and 9 were obtained by this method in 32 and 24% yields, respectively.

NC
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R, NC CN R, F F
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Scheme 3. Synthesis of nitriles 6 - 9 using alkene 10,
6) R1=Me, R2+R3= (CH>)s4; 7) R1=H, R2+R3= (CH>)4;
8) Ri=Me, R, =R3=H; 9) Ri=H, Rz = R3=H.

Unlike synthon 1, alkene 10 is available and has been widely studied earlier using other
examples [9]. It turned out that the interaction of THI, pyrrole and their N-Me-derivatives with
alkene 10 leads to the products of regioselective C?-alkylation, nitriles 6 - 9, in 77-85% vyields
(Scheme 3).

Conclusions

Thus, the strategy developed by us for the synthesis of nitriles of hetaryl-2-cyano-4,4,4-
trifluorobutanoic acid, based on the use of 2-(2,2,2-trifluoroethylidene)malononitrile, formed in situ
from commercially available precursors [4], successfully extended to the synthesis of 2-substituted
pyrroles and indoles - nitriles 4a — ¢ and 6 — 9. It has been shown that the presence of hemiacetal 2
in the reaction mass leads to a competing reaction of C2-oxyalkylation of the pyrrole ring, which
can be completely suppressed by lowering the reaction temperature to -30°C. In the case of
ketoester 3, when interacting with pyrrole, its derivatives and malononitrile, the main reaction is the
C2-oxyalkylation of the pyrrole nucleus, rather than its C2-alkylation, formed in situ by alkene 10.
Nitriles 6 - 9 were obtained also in high yields from derivatives of pyrrole, THI and alkene 10,
previously synthesized from ketoester 3 and malononitrile in 61% yield.

Experimental part
All starting compounds were purchased from Merck, Sigma-Aldrich and used without
purification. All eluents and solvents: petroleum ether Typ = 40-70°C (PE), EtOAc (EA), DCM and
triethylamine were purified by distillation before use. Merck Kieselgel 60 F254 TLC plates were
used to monitor the reaction and detect substances. The products were purified by column

chromatography using Merck Kieselgel 60 silica gel (0.06-0.20 mm).
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4, 3C JMODECHO and °F NMR spectra were recorded on a Bruker Avance™400
spectrometer at 400, 100, and 376 MHz, respectively. The chemical shifts of protons were
determined relative to the residual CDCls signals (7.26 ppm) and recalculated to the SiMes signal.
The °F NMR spectra were recorded with the suppression of the H-F spin-spin interaction. The
chemical shifts of 1°F nuclei were determined relative to CFCI® as an external standard.

Mass spectra were recorded on a Finnigan Polaris Q instrument (ion trap, El, ionizing
electron energy 70 eV) by direct sample injection. High resolution mass spectra were recorded on a
Bruker micrOTOF Il instrument (electrospray ionization (ESI)). The measurements were performed
on positive (capillary voltage 4500 V) or negative (capillary voltage 3200 V) ions. Mass scanning
range m/z 50-3000 Da, external or internal calibration (Electrospray Calibrant Solution, Fluka). We
used a syringe injection of the substance for solutions in acetonitrile, methanol, or water, the flow

rate was 3uL/min. Spray gas nitrogen (41/min), interface temperature 180°C [10].

General procedure for the preparation of nitriles4a-dand 6 - 9
by three-component one-stage synthesis

Freshly distilled DCM (2ml), malonitrile (0.1g, 1.5mmol), trifluoro-acetaldehyde ethyl
hemiacetal 2 or ethyl trifluoropyruvate 3 (0.216g or 0.255g, respectively, 1.5mmol), triethylamine
(0.1g) and 5-7 granules of dried molecular sieves with a pore size of 4A are loaded into a round-
bottom flask equipped with a magnetic stir bar. The flask is closed with a septa, vacuumed and
filled with argon, cooled to the planned temperature (+5°C or -30°C) and a pyrrole derivative or
THI (1.5mmol) dissolved in 1 ml of DCM is injected with a syringe. The reaction mass is kept at
the planned temperature (+5°C or -30°C) overnight. Then the reaction mixture was diluted with a
mixture of DCM and PE (10ml, 1/1) and transferred to a chromatographic column containing 100ml
of silica gel. The reaction mass is eluted with a mixture of DCM and PE (1/1), gradually increasing
the solvent gradient by adding EA to 3-5%. Alcohols 5 are the first to leave the column, their R is
0.6-0.9, then nitriles 4 with Rr equal to 0.3-0.6 (PE/EA = 8/2). Solutions of purified products 4 and

5 are evaporated at reduced pressure and re-evaporated with 20 ml of DCM.

General method of synthesis of nitriles 6 - 9 via alkene 10.

Freshly distilled DCM (2ml) and a pyrrole or THI derivative (1.5mmol) are loaded into a
round-bottom flask equipped with a magnetic stir bar. The flask is closed with a septa, vacuumed
three times consecutively and filled with argon, cooled to +5°C and with using a syringe, alkene 10
(0.327g, 1.5mmol) dissolved in 1ml of DCM is injected. The reaction mass is kept at +5°C for

2-3 hours. Then the reaction mixture was diluted with a mixture of DCM and PE (10ml, 1/1) and
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transferred on a glass filter containing 10 ml of silica gel. Nitriles 6 - 9 are eluted with a mixture of
DCM and PE (1/1), a nitrile solution is collected and evaporated at reduced pressure, then
re-evaporated with DCM (20 ml).

2-(2,2,2-Trifluoro-1-(1-methyl-4,5,6,7-tetrahydro-1H-indol-2-yl)ethyl)malononitrile (4a)

In 3CR procedure at +5°C: yield 57% (0.24g); at -30°C: yield 69% (0.29g). Transparent
light yellow slowly solidifying oil, R= 0.4 (PE+EA, 0.8+0.2).
'H NMR (CDCls, 8, ppm., J/Hz): 1.77-1.89 (4H, m, 2CHy); 2.53-2.59 (4H, m, 2CH,); 3.48 (3H, s,
Me); 4.21-4.28 (1H, m, CHCF3); 4.38 (1H, d, 6.2 Hz, CH(CN)2); 6.35 (1H, s, 3(C)H THI).
3C NMR JMODECHO (CDCls, §, ppm., J/Hz): 22.02 (CHp); 22.75 (CH); 22.95 (CHy);
23.28 (CH2); 25.07 (CH(CN)2); 29.58 (NMe); 41.86 (g, 30.3 Hz, CHCF3); 108.66 (3(C) THI);
110.50 (CN); 110.71 (CN); 116.19; 118.04; 123.69 (g, 281.1 Hz, CF3); 131.20.
F NMR (CDCls, &, ppm.): -68.31 (CFs3).
MS (El, 70 eV), m/z (Irer (%)): 281 [M]* (2.45); 216 [M - CH(CN)2]* (100).
HRMS (ESI, neg. ions), C1aH14F3Ns3, found m/z: 280.1076 [M - H]". Calculated: 280.1067.

2-(2,2,2-Trifluoro-1-(4,5,6,7-tetrahydro-1H-indol-2-yl)ethyl)malononitrile (4b)

In 3CR procedure at +5°C: yield 39% (0.155Q); at -30°C: yield 75% (0.3g). Transparent
light yellow slowly solidifying oil, R= 0.4 (PE+EA, 0.8+0.2).
'H NMR (CDCls, &, ppm. J/Hz): 1.74-1.84 (4H, m, 2CH); 2.48-2.58 (4H, m, 2CHy);
4.00-4.07 (1H, m, CHCFs); 4.34 (1H, d, 4.8 Hz, CH(CN),); 6.20 (1H, d, 2.4 Hz, 3(C)H THI);
8.08 (1H, br. s., NH).
3C NMR JMODECHO (CDCls, §, ppm., J/Hz): 22.56 (CH,); 22.60 (CH2); 23.05 (CHy); 23.44
(CH2); 25.22 (CH(CN)2); 44.79 (q, 30.3Hz, CHCFs3); 110.46 (CN); 110.60 (CN); 111.17 (3(C) THI);
114.15; 118.38; 123.77 (g, 281.4 Hz, CF3); 130.64.
F NMR (CDCls, &, ppm.): -67.88 (CFs3).
MS (El, 70 eV), m/z (lrer (%)): 267 [M]* (2.1); 202 [M - CH(CN)2]* (100).
HRMS (ESI, neg. ions), C13H12F3N3, found m/z: 266.0921 [M - H]". Calculated: 266.0911.

2-(2,2,2-Trifluoro-1-(1-methyl-1H-pyrrol-2-yl)ethyl)malononitrile (4c)
In 3CR procedure at +5°C: yield 54% (0.185g); at -30°C: yield 71% (0.249). Transparent
light yellow slowly solidifying oil, R= 0.2 (PE+EA, 0.8+0.2).
'H NMR (CDCls, 8, ppm., J/Hz): 3.65 (3H, s, NMe); 4.12-4.19 (1H, m, CHCFs); 4.33 (1H, d,
6.6 Hz, CH(CN)2); 6.23 (1H, m, Ar); 6.54 (1H, m, Ar); 6.74 (1H, m, Ar).
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13C NMR JMODECHO (CDCls, 8, ppm., J/Hz): 25.12 (CH(CN),); 33.99 (NMe); 41.91 (q, 30.6 Hz,
CF3CH); 108.58; 110.16 (CN); 110.46 (CN); 110.75; 118.33; 123.52 (q, 280.7 Hz, CFs); 125.41.
F NMR (CDCls, &, ppm.): -68.39 (CFs3).

MS (El, 70 eV), m/z (lret (%)): 227 [M]* (4.9); 162 [M - CH(CN)2]* (100).

HRMS (ESI, neg. ions), CioHsF3Ns, found m/z: 226.0591 [M - H]". Calculated: 226.0598.

Ethyl 2-(dicyanomethyl)-3,3,3-trifluoro-2-(1-methyl-4,5,6,7-tetrahydro-
1H-indol-2-yl)propanoate (6)

In 3CR procedure at +5°C: yield 6% (0.03g); at -30°C: yield 9% (0.05g); via alkene 10:
yield 81% (0.43g). Transparent light yellow slowly solidifying oil, Ri= 0.3 (PE+EA, 0.8+0.2).
'H NMR (CDCls, &, ppm., J/Hz): 1.40 (3H, t, 7.1 Hz, Me); 1.70-1.83 (4H, m, 2CH,); 2.45-2.49
(4H, m, 2CH>); 3.34 (3H, s, NMe); 4.42-4.52 (2H, m, CH,); 4.57 (1H, s, CH(CN),); 6.17 (1H, s,
3(C)H THI).
3C NMR JMODECHO (CDCls, §, ppm., J/Hz): 13.78 (CHas); 22.33 (CH2); 22.72 (CHy); 22.95
(CH2); 23.13 (CHy); 29.39 (CH(CN)2); 31.23 (NMe); 64.54 (g, 30.1 Hz, CF3C); 64.94 (CH>); 109.84
(CN); 110.03 (CN); 111.52 (3(C) THI); 115.94; 117.94; 123.20 (g, 280.2 Hz, CFs); 133.26; 164.67.
F NMR (CDCls, &, ppm.): -65.30 (CFs3).
MS (El, 70 eV), m/z (lrer (%)): 353 [M]* (3.3); 288 [M - CH(CN)2]* (100).
HRMS (ESI, neg. ions), C17H1sF3sN302, found m/z: 352.1270 [M -H]". Calculated: 352.1278.

Ethyl 2-(dicyanomethyl)-3,3,3-trifluoro-2-(4,5,6,7-tetrahydro-
1H-indol-2-yl)propanoate (7)

In 3CR procedure at +5°C: yield 7% (0.035g); at -30°C: yield 32% (0.165g); via alkene 10:
yield 77% (0.39g). Transparent light yellow slowly solidifying oil, Ri= 0.5 (PE+EA, 0.8+0.2).
'H NMR (CDCls, 8, ppm., J/Hz): 1.43 (3H, t, 7.1 Hz, Me); 1.73-1.81 (4H, m, 2CHy); 2.45-2.56
(4H, m, 2CHy); 4.46-4.56 (2H, m, CHy); 4.76 (1H, s, CH(CN)2); 6.11 (1H, s, 3(C)H THI); 8.45 (1H,
br.s., NH).
3C NMR JMODECHO (CDCls, &, ppm., J/Hz): 13.59 (Me); 22.44 (CH); 22.50 (CH); 22.91
(CHy); 23.30 (CHy); 27.46 (CH(CN).); 58.71 (q, 27.4 Hz, CF3C); 65.15; 109.93; 110.06 (CN);
110.15 (CN); 113.63; 118.38; 122.71 (q, 286.8 Hz, CF3); 131.19; 163.46.
F NMR (CDCls, 8, ppm.): -67.37 (CFs3).
MS (El, 70 eV), m/z (lrer (%)): 339 [M]* (3.3); 274 [M - CH(CN)2]* (100).
HRMS (ESI, neg. ions), C16H16F3N302, found m/z: 338.1121 [M - H]". Calculated: 338.1122.
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Ethyl 2-(dicyanomethyl)-3,3,3-trifluoro-2-(1-methyl-1H-pyrrol-2-yl)propanoate (8)

In 3CR procedure at +5°C: yield 0.0% (0.0g); at -30°C: yield 0.0% (0.0g); via alkene 10:
yield 85% (0.38g). Transparent light yellow slowly solidifying oil, Rf= 0.4 (PE+EA, 0.8+0.2).
'H NMR (CDCls, 8, ppm., J/Hz): 1.38 (3H, t, 7.1 Hz, Me); 3.62 (3H, s, NMe); 4.41-4.50 (2H, m,
CHy); 4.70 (1H, s, CH(CN).); 6.13 (1H, m, Ar); 6.65 (1H, m, Ar); 6.75 (1H, m, Ar).
3C NMR JMODECHO (CDCls, 8, ppm., J/Hz): 13.42 (Me); 29.10 (NMe); 36.23 (CH(CN).); 58.82
(g, 27.3 Hz, CF3C); 64.17; 106.99; 110.39; 110.40 (CN); 110.61 (CN); 121.93; 123.27; 123.35
(g, 285.2 Hz, CF3); 164.37.
F NMR (CDCls, &, ppm.): -66.70 (CFs3).
MS (El, 70 eV), m/z (lrer (%)): 299 [M]* (5.8); 234 [M - CH(CN)2]* (100).
HRMS (ESI, neg. ions), C1sH12F3N302, found m/z: 298.0801 [M - H]". Calculated: 298.0809.

Ethyl 2-(dicyanomethyl)-3,3,3-trifluoro-2-(1H-pyrrol-2-yl)propanoate (9)

In 3CR procedure at +5°C: yield 6% (0.025g); at -30°C: yield 24% (0.103g); via alkene 10:
yield 79% (0.337g). Transparent light yellow slowly solidifying oil, R¢= 0.4 (PE+EA, 0.8+0.2).
'H NMR (CDCls, &, ppm., J/Hz): 1.41 (3H, t, 7.1 Hz, Me); 4.49-4.51 (2H, m, CH,); 4.83 (1H, s,
CH(CN)2); 6.27 (1H, m, Ar); 6.41 (1H, m, Ar); 6.90 (1H, m, Ar); 9.07 (1H, br. s., NH).
3C NMR JMODECHO (CDCls, 8, ppm., J/Hz): 13.49 (Me); 27.49 (CH(CN).); 58.56 (q, 27.6 Hz,
CF3C); 65.40; 109.61; 109.95 (CN); 110.03 (CN); 110.81; 116.07; 121.70; 122.59 (q, 286.5 Hz,
CF3); 163.26.
YF NMR (CDCls, 8, ppm.): -67.47 (CFs).
MS (El, 70 eV), m/z (lrer (%)): 285 [M]* (5.4); 220 [M - CH(CN)2]* (100).
HRMS (ESI, neg. ions), C12H10F3N302, found m/z: 284.0657 [M - H]". Calculated: 284.0652.
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