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The directed synthesis of five-membered heterocy-
clic systems by the cyclocondensation of 1,2-bis(elec-
trophiles) with 1,3-bis(nucleophiles) is a topical task
of organic chemistry in spite of the well developed but
continuously updated by new data methodology of
these transformations. In our opinion, the present
study is a new original evolution of this synthetic prac-
tice as applied to the synthesis of trifluoromethyl-con-
taining five-membered heterocyclic compounds.

Methyl trifluoropyruvate (MTFP) derivatives, in
particular its N-substituted imines, are well studied in
cyclocondensation reactions, for the synthesis of bio-
logically active compounds including [1—6]. However,
the question on the direct use of MTFP 1 in these
reactions—except for the reaction of 1 with phenols
[7], anilines [8], 2-aminophenols [9], and 2-mercap-
tophenol [10] resulting in five- and six-membered het-
erocyclic compounds—remained open. The aim of
this work is a declaration of synthetic possibilities of

MTEFP 1 as available fluorine-containing 1,2-bis(elec-
trophile) in cyclocondensation reactions with 1,3-
bis(nucleophiles) resulting in various heterocyclic
derivatives of trifluoro-2-hydroxypropionic acid.

The reaction of compound 1 with 1,3-bis(nucleo-
philes) was accomplished as a two-stage cycloconden-
sation reaction: addition of bis(nucleophile) at highly
electrophilic C=0 bond followed by heterocyclization
with methanol elimination. 6-Amino-1-benzyluracil
(2), 3-aminocyclohexenones (5a, 5b), 3-aminocroto-
nonitrile (6), and N-substituted benzamidines (7a, 7b)
were used in these transformations as 1,3-bis(nucleo-
philes). In the reaction of 1 with compound 2, we iso-
lated in a pure state and characterized a primary reac-
tion product, 6-aminouracil (3), which undergoes
heterocyclization on heating at 90—100°C in DMF for
2 hin the presence of catalytic amounts of Et;N to give
dihydro-1H-pyrrolo[2,3-d]pyrimidin-2,4,6-trione (4).
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absence of catalyst to form 4,5-dihydro-1H-pyrrole
(9) and 4,5-dihydroimidazol-5-ones (10a, 10b). Less
nucleophilic 3-aminocyclohexenones 5a, 5b undergo
cyclocondensation with 1 in the presence of catalytic
amounts of Et;N to yield 4,5,6,7-tetrahydro-1H-
indole-2,4-diones (8a, 8b).
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Methyl 3-aminocrotonate (11) undergoes cyclo-
condensation with MTFP 1 to produce pyrrolidine

0
CF;

(12), which is anomalous in comparison with consid-
ered above 1,3-C,N-bis(nucleophiles).
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The composition and structure of all obtained
compounds were proved by the data of elemental anal-
ysis and 'H and 'F NMR spectra. "’F NMR spectra
show typical signals of trifluoromethyl group at
1.11 ppm for4, 1.1—1.3 ppm for 8a, 8b, 2.2 ppm for 9,
—1.8 to —2.0 ppm for 10a, 10b, and 12.

Thus, MTFP 1 can be successfully used as 1,2-
bis(electrophilic) reagent in the cyclocondensation
with 1,3-bis(nucleophiles) to obtain trifluoromethyl-
containing five-membered heterocyclic derivatives of
trifluoro-2-hydroxypropionic acid.

EXPERIMENTAL

'H and "YF NMR spectra were recorded on a
Bruker DXP 200 spectrometer operating at 200.13 and

NH2 H
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188.29 MHz, respectively, using tetramethylsilane as
an internal reference and CF;COOH as an external
reference, respectively. Melting points were deter-
mined in a glass capillary. Initial 6-amino-1-benzyl-
uracil 2 and 3-aminocyclohexenones 5a, 5b were
obtained by procedures [11, 12], 3-aminocrotononi-
trile 6 and N-substituted benzamidines 7a, 7b (Ald-
rich) were used as received.

Methyl 2-(6-amino-1-benzyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)-3',3',3'-trifluoro-2'-hydro-
xypropionate (3). Uracil 2 (2.17 g, 0.01 mol) was
added to a solution of 1.56 g (0.01 mol) of methyl trif-
luoropyruvate 1 in 20 mL of DMF with stirring, the
reaction mixture was stirred for 30 min and poured
into 50 mL of water. The resultant precipitate was sep-
arated by filtration and recrystallized from 50% EtOH
2013
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to give 3.4 g (91%) of the title compound, mp 133—
135°C.

'H NMR (CDCl,, 8, ppm, J, Hz): 3.71 (s, 3H,
MeO), 5.17 (AB system, 2H, CH,, J = 17.6), 6.97 (s,
2H, NH,), 7.32 (m, 5H, CH,,), 8.04 (s, 1H, OH),
10.70 (s, 1H, NH).

YF NMR (DMSO-d,, 8, ppm): —0.64 s.

For C,sH,F;N;O;s anal. calcd. (%): C, 48.26;
H, 3.78; N, 11.26.

Found (%): C, 48.45; H, 3.95; N, 11.42.

1-Benzyl-5-hydroxy-5-trifluoromethyl-5,6-dihy-
dro-1H-pyrrolo[2,3-d]pyrimidin-2,4,6-trione (4). A
solution of 3.73 g (0.01 mol) of compound 3and 0.1 g
of Et;N in 20 mL of DMF was heated for 2 h at 90—
100°C and poured into 50 mL of water. The resultant
precipitate was separated by filtration and recrystal-
lized from 50% EtOH to give 3.0 g (88%) of the title
compound, mp 158—159°C.

'H NMR (DMSO-d,, 8, ppm): 5.03 (s, 2H, CH,),
7.05 (s, 1H, OH), 7.18—7.42 (m, 5SH, CH,,), 10.96 (s,
1H, NH), 11.62 (s, 1H, NH).

F NMR (CDCl,, 8, ppm): 1.11s.

For C,,H,,F;N;0, anal. calcd. (%): C, 49.28;
H, 2.95; N, 12.31.

Found (%): C, 49.47; H, 3.13; N, 12.23.

1-Benzyl-3-hydroxy-6,6-dimethyl-3-trifluoromethyl-
4,5,6,7-tetrahydro-1H-indole-2,4-dione (8a). 3-Ami-
nocyclohexenone 5a (2.29 g, 0.01 mol) was added to a
solution of 1.56 g (0.01 mol) of methyl trifluoropyru-
vate 1 in 20 mL of DMF with stirring, the reaction
mixture was stirred for 30 min, 0.1 g of Et;N was
added, the mixture was heated for 2 h at 90—100°C
and poured into 50 mL of water. The resultant precip-
itate was separated by filtration and recrystallized from
50% EtOH to give 2.9 g (82%) of the title compound,
mp 93-95°C.

'"H NMR (DMSO-dq, 8, ppm): 1.04 (s, 3H, Me),
1.08 (s, 3H, Me), 2.21 (s, 2H, CH,), 2.45—2.53 (m,
2H, CH,), 4.73—4.92 (m, 2H, CH,), 7.22 (m, 2H,
CH,,), 7.25 (s, 1H, OH), 7.28—7.40 (m, 3H, CH,,).

YF NMR (CDCl,, 8, ppm): 1.39 s.

For C3gHgF;NO; anal. caled. (%): C, 61.19;
H, 5.13; N, 3.96.

Found (%): C, 61.35; H, 5.26; N, 4.15.

3-Hydroxy-1-(3,4-dimethylphenyl)-6,6-dimethyl-
3-trifluoromethyl-4,5,6,7-tetrahydro-1H-indole-2,4-
dione (8b). The compound was obtained similarly to 8a.

Yield 3.0 g (82%), mp 138—140°C.
'H NMR (DMSO-d;, 8, ppm): 1.09 (s, 3H, Me),
1.12 (s, 3H, Me), 2.18—2.43 (m, 10H, 2Me + 2CH,),
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6.95—7.05 (m, 2H, CH,,), 7.23 (s, 1H, OH), 7.31
(s, 1H, CHy).

I9F NMR (DMSO-d,, 8, ppm): 1.32s.

For C,yH,,F;NO; anal. calcd. (%): C, 62.12;
H, 5.49; N, 3.81.

Found (%): C, 62.30; H, 5.31; N, 3.66.

4-Hydroxy-2-methyl-5-0xo0-4-trifluoromethyl-3-cy-
ano-4,5- dihydro-1H-pyrrol (9). 3-Aminocrotononi-
trile 6 (0.82 g, 0.01 mol) was added to a solution of
1.56 g (0.01 mol) of methyl trifluoropyruvate 1 in
20 mL of DMF with stirring, the reaction mixture was
heated for 2 h at 90—100°C and poured into 50 mL of
water. The resultant precipitate was separated by filtra-
tion and recrystallized from 50% EtOH to give 1.6 g
(78%) of the title compound, mp 88—90°C.

'"H NMR (CDCl;, 8, ppm): 2.20 (s, 3H, Me), 7.79
(s, 1H, OH), 11.09 (s, 1H, NH).

F NMR (DMSO-d,, 8, ppm): —0.63 s.

For C;H;sF;N,0, anal. calcd. (%): C, 40.79; H, 2.45;
N, 13.59.

Found (%): C, 40.96; H, 2.31; N, 13.40.

4-Hydroxy-1-propyl-2-phenyl-4-trifluoromethyl-
4,5-dihydroimidazol-5-one (10a) was obtained simi-
larly to compound 9. Yield 2.4 g (84%), mp 123—
125°C.

'H NMR (CDCl,, 8, ppm, J, Hz): 0.8 (t, 3H, Me,
J=7.4),143(q,2H, CH,,J=7.4),3.55(t,2H, CH,,
J=17.4),7.60 (m, 3H, CH,,), 7.72 (m, 2H, CH,,),
7.88 (s, 1H, OH).

F NMR (DMSO-d,, 8, ppm): —1.95s.

For C;H;F;N,0, anal. calcd. (%): C, 54.55; H,
4.58; N, 9.79.

Found (%): C, 54.66; H, 4.75; N, 9.91.

4-Hydroxy-2-phenyl-1-phenylethyl-4-trifluorom-
ethyl-4,5-dihydroimidazol-5-one (10b) was obtained
similarly to compound 10a. Yield 2.8 g (80%), mp
112—114°C.

'HNMR (DMSO-d,, 8, ppm, J, Hz): 2.77 (td, 2H,
CH,, J,=17.1, J4=2.8), 3.78 (t, 2H, CH,, J = 7.1),
6.98 (m, 2H, CH,,), 7.18 (m, 3H, CH,,), 7.52 (m,
S5H, CH,,), 7.90 (s, 1H, OH).

YF NMR (CDCl,, 8, ppm): —1.86s.

For C,iH,sF;N,0, anal. caled. (%): C, 62.07;
H, 4.34; N, 8.04.

Found (%): C, 62.22; H, 4.53; N, 8.18.

Methyl 4-hydroxy-5-o0x0-4-trifluoromethylpyrroli-
din-(2F)-ylideneacetate (12). Methyl 3-aminocroto-

nate 11 (1.15 g, 0.01 mol) was added to a solution of
1.56 g (0.01 mol) of methyl trifluoropyruvate 1 in
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20 mL of DMF with stirring, the reaction mixture was
heated for 2 h at 90—100°C and poured into 50 mL of
water. The resultant precipitate was separated by filtra-
tion and recrystallized from 50% EtOH to give 1.9 g
(71%) of the title compound, mp 95—97°C.

"H NMR (DMSO-dq, 8, ppm): 3.04 (s, 2H, CH,),
3.70 (s, 3H, MeO), 5.08 (s, 1H, C=CH), 7.38 (s, 1H,
OH), 10.41 (s, 1H, NH).

F NMR (CDCl,, 8, ppm): —1.82s.

For CgH4F;NO, anal. calcd. (%): C, 40.18; H, 3.37;
N, 5.86.

Found (%): C, 40.33; H, 3.52; N, 5.99.

ACKNOWLEDGMENTS

This work was supported by the Division of Chem-
istry and Materials Science of the Russian Academy of
Sciences (Program “Medicinal Chemistry: Molecular
Design of Physiologically Active Compounds and
Pharmaceuticals”) and the Russian Foundation for
Basic Research (project nos. 11—-03—00480-a, 11—
03—00496-a, 11-03—12076-ofi-m-2011, and 12—
03—00828-a).

10.

11.

12.

REFERENCES

. Sokolov, V.B., Aksinenko, A.Yu., Epishina, TA., et al.,

Izv. Akad. Nauk, Ser. Khim., 2005, pp. 2755-2761.

. Aksinenko, A.Yu., Goreva, T.V., Epishina, TA., et al.,

Izv. Akad. Nauk, Ser. Khim., 2006, pp. 1014—1017.

. Sokolov, V.B. and Aksinenko, A.Yu., Izv. Akad. Nauk,

Ser. Khim., 2007, pp. 2176—2178.

. Sokolov, V.B., Aksinenko, A.Yu., and Martynov, 1.V.,

Izv. Akad. Nauk, Ser. Khim., 2007, pp. 2171-2175.

. Sokolov, V.B., Aksinenko, A.Yu., Epishina, TA., et al.,

Izv. Akad. Nauk, Ser. Khim., 2010, pp. 188—192.

. Sokolov, V.B., Aksinenko, A.Yu., Epishina, TA., Gor-

eva, T.V.,, and Martynov, 1.V., Izv. Akad. Nauk, Ser.
Khim., 2010, pp. 281—-283.

. D’yachenko, V.., Kolomiets, A.F.,, and Fokin, A.V.,

Izv. Akad. Nauk, Ser. Khim., 1988, pp. 2557—2561.

. Dolensky, B., Kvicala, J., and Paleta, O., J. Fluorine

Chem., 2005, vol. 126, pp. 745—751.

. D’yachenko, V.I., Galakhov, M.V., Kolomiets, A.E,

and Fokin, A.V., Izv. Akad. Nauk, Ser. Khim., 1988,
p. 1196.

D’yachenko, V.I., Galakhov, M.V., Kolomiets, A.E,
and Fokin, A.V., Izv. Akad. Nauk, Ser. Khim.,1989,
p. 1429.

Hatzenlaub, W. and Pfleiderer, W., Liebigs Ann. Chem.,
1979, pp. 1847—1854.

Edafiogho, O., Hinko, C.N., Chang, H., et al., J. Med.
Chem., 1992, vol. 35, pp. 2798—2805.

DOKLADY CHEMISTRY Vol. 448 Part 1 2013



