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pyrrole 3 and 4-trifluoromethyl-(1H)-2-pyridinone 4. A mechanism involving nucleophilic
substitution and intramolecular cyclization is proposed. The obtained compounds were identified
and confirmed by Fourier transform infrared spectroscopy, proton and carbon nuclear magnetic
resonance spectroscopy, and high-resolution mass spectrometry. The results of the analyses are
in good agreement with the proposed structures of the synthesized compounds.
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Graphical Abstract

1. Introduction

Fluoro-heterocyclic compounds are an interesting class of organic compounds due to their potent biological and
pharmacological activities.!™ In fact, fluorine chemistry has really taken off, thanks to the special properties resulting from
the introduction of fluorine atoms into an organic molecule. Moreover, fluorination of a molecule induces profound
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modifications in its physical and chemical properties, which can lead to profound repercussions on its biological
activities.!34

Given the importance of fluorinated compounds, a,3-unsaturated ketones with a trifluoromethyl substituent represent
interesting building blocks for the synthesis of trifluoromethyl containing compounds, especially heterocyclic systems,
which often show high biological activities.>® In fact, the synthesis of fluorinated N-heterocyclic compounds has drawn
much more attention indicating that fluorine medicinal chemistry research is prosperous.’ For that reason, we have putting
interesting efforts into developing novel and practical methodologies to construct potential new systems dependent on the
cyclization of an acyclic building block incorporating a trifluoromethyl group. The literature has reported a series of CF3-
substituted pyrrole, pyrrolidine, pyrido-pyridines, pyrimidines, pyrazoles and quinolines obtained from the reactions of
enaminediones such as p-ethoxyvinyl-trifluoromethyl-ketone or diethylaminomethylene hexafluoroacetylacetone
(DAMFA) 1 with the corresponding nitrogen nucleophiles (Scheme 1).1%-14
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Scheme 1. Heterocycles obtained from DAMFA 1

Among these interesting compounds, pyrrole and 2-(1H)-pyridinone units are widely involved in natural and synthetic
heterocycles with an extensive range of medicinal properties.!>!8

In recent decades, trifluoromethylated pyrroles and 2-(1H)-pyridinones have been the subject of many works due to their
potential biological and pharmacological activities such as antibacterial, antifungal, analgesic, anti-aggregative activity,
anti-HIV, anti-fibrosis, anticancer, anti-inflammatory and so many others.'®” For example, 5-nitro-6-(3-nitrophenyl)-2-
oxo-4-(trifluoromethyl)-1,2-dihydropyridine-3-carbonitrile (SynuClean-D) (A), is a promising drug candidate from the
family of trifluoromethylpyridin-2-ones used for the treatment of Parkinson/s disease. It inhibits a-synuclein aggregation in
cultured human cells and prevents degeneration of dopaminergic neurons in a Caenorhabditis elegans model of Parkinson's
disease (Figure 1).27 4-fluoro-3-(4-fluorophenyl)-2-(4-(methylsulfonyl)phenyl)-1H-pyrrole (B) is a fluorinated pyrrole
analogue known with his optimized anti-inflammatory activity.2®

Moreover, diethyl (1-benzyl-4-phenyl-3-(trifluoromethyl)-1H-pyrrol-2-yl)phosphonate (C) with trifluorophosphonyl
and phenyl group exhibited significant inhibition cell cycle arrest at G1 and showed prompted apoptosis in these cell line
(Figure 1).25 Another pyridinone derivative, 3-chloro-5-((1-((4-methyl-5-0x0-4,5-dihydro-1H-1,2,4-triazol-3-yl)methyl)-
2-o0x0-4-(trifluoromethyl)-1,2-dihydropyridin-3-yl)oxy)benzonitrile (Doravirin) (D), is a non-nucleoside reverse
transcriptase inhibitor (NNRTI) with potent in vitro activity against HIV-1, blocking HIV replication through non-
competitive inhibition of reverse transcriptase (Fig. 1).2?

In the preliminary papers, the synthesis of trifluoromethylated pyrroles have been reported.? Moreover, authors
mentioned some examples, dealing with the use of the enaminedione synthons for the construction of trifluoromethyl
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substituted pyrroles in good yields.?*=3% Furthermore, a reaction of DAMFA 1 with 2,2-dimethoxyethylamine and ethyl N-
benzylglycinate giving, directly and in only one step, the trifluoroacetyl trifluoromethylpyrroles in good yields, has been
documented.! In contrast, despite the great potential of the trifluoromethylated pyridine-2-ones, their synthesis and relative
chemistry have rarely been explored. Hence, only a few efficient and general methods for their synthesis have been
documented. 2!

In this present work, we have to think of condensing the ethyl glycinate with the DAMFA under conditions which can
enable us to stop at the stage of condensation, then to target cyclization of the obtained enaminedione according to different
conditions in order to lead to potent trifluoromethylated nitrogen heterocycles. Indeed, the reaction of DAMFA 1 with ethyl
glycinate hydrochloride leads to the formation of fluorinated pyrrole and 2-(1H)-pyridinone derivatives. We report this
simple and efficient process for the preparation of 3-trifluoromethyl pyrrole 3 and 4-trifluoromethyl 2-(1H)-pyridinone 4
from a previously prepared enaminedione 2.

5-nitr0—6-(3—ni.trophenyl.)-.Z—oxo-4—(triﬂuqr0methyl)- 4-fluoro-3-(4-fluorophenyl)-2-(4-
1,2-dihydropyridine-3-carbonitrile (methylsulfonyl)phenyl)-1 H-pyrrole
(A) (B)
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1H-pyrrol-2-yl)phosphonate 1,2,4-triazol-3-yl)methyl)-2-oxo0-4-(trifluoromethyl)-

1,2-dihydropyridin-3-yl)oxy)benzonitrile
© (D)

Fig. 1. Representative structures of clinically applied fluorinated and trifluoromethylated pyrroles and pyridine-2-ones

2. Results and Discussion

The N,N-diethylaminomethylene-1,1,1,5,5,5-hexafluoroacetylacetone (DAMFA) 1 was obtained by trifluoroacetylation
of triethylamine with trifluoroacetic anhydride.3®3” This enaminedione is of great interest in organic synthesis. Hence, the
preparation of new fluorinated enaminedione, by substituting the N-diethylamino group (NEt;) in DAMFA 1 with various
nitrogen nucleophiles according to the Michael-type 1,4-addition-elimination approach, is of interest for the synthesis of
new fluorinated nitrogen heterocycles.

2.1 Preparation of trifluoromethylated enaminedione 2

The preparation and isolation of enaminedione 2 was of interest to orientate the formation of fluorinated heterocycles
towards perfect selectivity. For this reason, a nucleophilic N-N-exchange reaction of DAMFA 1 with ethyl glycinate
hydrochloride occurred readily in the presence of triethylamine in acetic acid at 100 °C for 3 h. The target compound 2 was
obtained with oily aspect in excellent yield (92 %) (Scheme 2).
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Scheme 2. Synthesis of trifluoromethylated enaminedione 2

The structure of product 2 was identified on the basis of spectral analysis. The 'H-NMR spectrum (Figure S1), taken in
CDCl3, shows the presence of a triplet at 1.31 ppm attributed to the tree protons of the methyl group, a singlet at 4.24 ppm
relating to the two protons of the methylene group (COCH2-NH), a quadruplet signal, with an amplitude of two protons
from the CH,O group, was recorded at 4.33 ppm, a double signal with an amplitude of one proton resonates at 7.94 ppm
representing the ethylenic proton (C=CH) and a broad singlet at 10.9 ppm corresponding to the proton carried by the
secondary amine nitrogen (NH). The *C-NMR spectrum (Figure S2) also gave information, it reveals signals at 11.8, 50.6,
62.8 and 101.6 ppm assigned to the carbons of CH3, CH,, CH,O and CH= groups, respectively. Two signals were recorded
at 116.2 and 116.7 ppm attributed to the trifluoromethyl groups (CF3) with coupling constants 'Jcr = 285 Hz and 291 Hz,
respectively. In addition, the spectrum shows the presence of signals at 162.4, 167.1, 175.3 and 180.4 ppm corresponding
to quaternary carbons (C=0O and C=C). Furthermore, the IR spectrum (Figure S3) of product 2 shows, in particular, the
appearance of an absorption band at 2996 cm™! characteristic of the secondary amine group (N-H), absorption bands at 1744
and 1670 cm! attributed to the carbonyl groups (C=0), and an absorption band at 1612 cm™ corresponding to the double
bond (C=C). Finally, the mass spectrum of compound 2 (Figure S4), taken in electron impact (IE) mode, shows the presence
of a molecular peak at m/z = 321 [M]" and a base peak at m/z = 252 corresponding to the loss of the CF3 group, thus
confirming the proposed structure.

2.2 Reactivity of the enaminedione 2
The obtained enaminedione 2 was used in two ways depending on the reaction conditions (Scheme 3). To target the
formation of pyrrole 3, the cyclization of the enaminedione 2 was stirred with triethylamine in acetonitrile at room

temperature (25 °C). Whereas to obtain a pyridone ring 4 a further equivalent of ethyl glycinate hydrochloride was required
in the presence of two equivalents of triethylamine.

O
F,;C
EN (1 equiv) 3 CFs

r.t, CH,CN, 24 h > EO / \
N
O 87 % 0
EtO,C7 N CF
2 H 3 ] 3
07 >CF G
’ ClL HsNNco, et
2 CF; O
2 (1 equiv) HN
EtN (2 equiv) 2NF | CF,
rt, CH,CN, 14 h O N
76 %
CO,Et
4

Scheme 3: Synthesis of pyrrole 3 and pyridone 4
2.2.1 Synthesis of trifluoromethylated pyrrole 3

In our strategy for the synthesis of trifluoromethylated pyrroles, a single pyrrole 3 was obtained, by reacting the
enaminedione 2 with 1 equivalent of triethylamine in the acetonitrile at room temperature for 24 h (Scheme 4). The pyrrole
ring 3 was obtained according to an intramolecular cyclization reaction, in excellent yield (87 %). Its formation is interpreted
by the enolization of the ester followed by cyclodehydration according to the mechanism detailed in Scheme 5.
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Scheme 4: Synthesis of trifluoromethylated pyrole 3

The structure of the product 3 was confirmed by the presence of signals in its 'H-NMR spectrum (Fig. S5). The pyrrole
ring proton resonates significantly downfield at 7.70 ppm. The ethyl acetate group and the N-H are observed as triplet,
quadruplet and singlet at 1.38; 4.44 and 10.46 ppm, respectively. The '3C-NMR spectrum (Fig. S6) reveals the presence of
two signals at 13.9 and 62.8 ppm relating respectively to the CHs and CH» groups of the ester function, three signals at
111.2; 118.1; and 129.6 ppm attributable respectively to the ethylenic carbons of the enamine in positions 4, 5 and 3 of the
pyrrole ring, as well as a signal at 142.4 ppm corresponding to the quaternary ethylenic carbon of the enamine in o of the
nitrogen in the pyrrole ring. We also note the presence of two signals in the form of two quadruplets, one at 116.2 ppm with
a coupling constant (!Jc.r = 285 Hz) and the other at 121.2 ppm with a coupling constant ({Jc.r = 272 Hz), attributed
respectively to the quaternary carbon (CF3), as well as two signals at 159.2 and 174.8 ppm relating respectively to the
carbonyl group (C=0) of the ester function and to the carbonyl of the trifluoroacetyl group. In addition, the IR spectrum
(Fig. S7) of product 3 shows, in particular, an absorption band at 3383 cm™' due to the presence of the amine group (NH),
two absorption bands at 1744 and 1679 cm’! characteristic of the two carbonyl groups (C=0). Finally, the mass spectrum
(Fig. S8) of compound 3, taken in electron impact (IE) mode, shows the molecular peak relating to the molecular ion at m/z
=303 [M]" and a base peak at m/z =234 corresponding to the loss of the CF3 group, thus confirming the proposed structure.
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Scheme 5. Mechanism for the formation of trifluoromethylated pyrrole 3

2.2.2  Synthesis of trifluoromethylated pyridin-2-(1H)-one 4

The treatment of the enaminedione 2 with 1 equivalent of the ethyl glycinate hydrochloride in the acetonitrile in the
presence of 2 equivalents of triethylamine at room temperature during 14 h enabled us to obtain with 76 % of yield 2-(1H)-
pyridinone 4 (Scheme 6).
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Scheme 6. Synthesis of trifluoromethylated pyridin-2-(14)-one 4



The structure of 3-amino-4-trifluoromethyl-5-trifluoroacetyl-2-(1H)-pyridinone 4 was deduced from the obtained
spectral data. On the 'H-NMR spectrum (Fig. S9), we revealed a singlet with 7.23 ppm allotted to the H-6 proton of the
cycle 2-(1H)-pyridinone, broad singlet at 5.52 ppm assigned to the two primary amine protons (NHz). The spectrum also
shows a triplet at 1.31 ppm relating to the methyl group, a quadruplet at 4.28 ppm attributed to the protons of the CH,O
group of the ester function, and a singlet at 4.72 ppm corresponding to the two methyl protons linked to the pyridonic ring
(CH2N). For the '*C-NMR spectrum, it showed the carbonyl carbon as a singlet at 166.4 ppm for ethyl-ester and a quadruplet
at 178.6 ppm (*Jc.r = 36 Hz) for trifluoroacetyle group, in addition to a signal at 157.3 ppm due to the carbonyl of the
pyridone ring. The spectrum also reveals the presence of two signals at 13.7 and 62.3 ppm assigned respectively to the CHj
and CH, groups of the ester function, a signal at 51.1 ppm due to the carbon attached to the pyridone nitrogen (CHxN), three
signals at 103.5, 111.3, and 137.9 ppm, respectively attributed to the quaternary ethylenic carbons of the pyridone ring, as
well as a signal at 129.3 ppm corresponding to the ethylenic carbon at a of the nitrogen in the pyridone ring. We also note
the presence of two signals in the form of two quadruplets, one at 115.7 ppm with a coupling constant ('Jc.r= 289 Hz) and
the other at 123.5 ppm with a coupling constant ('Jcr = 272 Hz), attributed respectively to the quaternary carbons of the
(CF3) group. As regards the mass spectrum of compound 5 (Fig. S10), taken in electrospray ionization (EST) mode, we
observed the presence of a basic peak with m/z = 360 [M] ™ corresponding to the molecular peak C2H19F¢N2O4. The peak
with m/z = 291 corresponds to the loss of the CF3 group. Furthermore, the IR(ATR) spectrum of compound 4 reveals an
absorption band at 3366 cm! characteristic of the amine function (NH,) and an absorption band at 1665 cm™' due to the
presence of the pyridone carbonyl group (C=0).

More information and detailed results of the structures analysis data can be found in the Supporting Information.

The formation of ethyl 2-(3-amino-2-0x0-5-(2,2,2-trifluoroacetyl)-4-(trifluoromethyl)pyridin-1(2H)-yl)acetate 4 can be
explained by the mechanism represented in Scheme 7. The initial stage of the reaction involves nucleophilic attack of the
amine group of enaminedione 2 on the carbonyl of the glycine moiety. The intermediate A which is formed undergoes
deprotonation of the glycine moiety in the presence of triethylamine. A subsequent intramolecular cyclization of the
intermediate A yields, after loss of one molecule of water, compound 4 (Scheme 7).
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2-(1H)-Pyridinone moiety is a crucial structural component of numerous biologically active natural products. Therefore,

the 2-(1H)-pyridinone system is a common intermediate for the synthesis of a wide variety of nitrogen heterocycles boasting

a broad spectrum of biological activities.® In particular, they constitute the skeleton of elfamycin antibiotics® and the

antifungal compounds ilicolicin.*’ Simple 2-(1H)-pyridinones find applications in pharmacology due to their antimicrobial
activity.*!

In order to confirm the necessity of the trifluoroacetyl group in 2 on the effectiveness of this reaction, the comparison
with non-fluorinated compounds S is interesting. Attempts to synthesis non-fluorinated systems showed that compound 5
does not provide, according to conditions described previously, the non-fluorinated derivatives of the pyrrole 6 and 2-(1H)-
pyridinone 7 waited (Scheme 8). These results can be explained by the presence of the fluorine atom in the structures of the
obtained fluorinated products, which makes changes on the reactivity of the molecules due to its potent physico-chemical
and biological properties.®

3. Conclusion

The present work was undertaken to apply a new and efficient synthesis of fluorinated heterocyclic systems using a
highly functionalized substrate named DAMFA 1. The adopted method provides a facile and convenient access to an
enamine-dione 2 from DAMFA 1, which are useful precursor of fluorine-containing pyrrole 3 and 2-(1H)-pyridinone 4.
The synthetic route involved a Michael addition/heterocyclization reaction of the fluorinated 1,3-difuctional compounds
and building-blocks as starting materials. On the other hand, work is still in hand with an aim of more functionalizing the
2-(1H)-pyridinone and pyrrole rings in order to approach towards biologically active compounds.

4. Experimental
4.1 Materials and Methods

Melting points were taken on a Stuart Scientific melting point apparatus (smp3) and were uncorrected. IR spectra were
recorded on a BOMEM MB Series apparatus. 'H (300 MHz) and '*C (75 MHz) NMR spectra were recorded on a Bruker
AC 300 spectrometer. Chemical shifts are expressed in ppm from TMS ('H and '3C) as internal reference. Mass spectra
(EIMS) were recorded on a Micromass GCT spectrometer. Elemental analyses were performed with a Perkin Elmer CHN
2400 analyser. Thin layer chromatography (TLC) was carried out on aluminium-baked Merck silica gel 60 F254. Column
chromatography was performed on silica gel.

4.2 General procedure

4.2.1 Synthesis of enaminedione 2 from DAMFA 1

Triethylamine (488 pL, 3.45 mmol) and a solution of DAMFA 1 (1000 mg, 3.44 mmol) in acetic acid (1.5 mL) were
added subsequently at 0 °C to a mixture of ethyl glycinate hydrochloride (485 mg, 3.45 mmol) in acetic acid (15 mL). This
mixture was stirred at 100 °C for 3 h (the reaction was followed by TLC), then cooled, and poured into water (100 mL).
The aqueous layer was extracted with CH,Cl, (3%x30 mL), the combined organic phases were dried over anhydrous Na,SOs,
and the solvent was evaporated under vacuum. Chromatography of the residue on silica gel and elution with
CH:Cly/cyclohexane (7:3) afforded 1015 mg of enaminedione 2.

[4,4,4-Trifluoro-3-o0xo0-2-(2,2,2-trifluoro-acetyl)-but-1-enylamino]-acetic acid ethyl ester 2

Brown oil; 92 %; IR-ATR (cm™): 2996, 1744, 1670, 1612, 1571, 1267, 1193, 1143; '"H NMR (300 MHz, CDCL;): § 1.31 (t,
3Jun= 7.1 Hz, 3H; CH3), 4.24 (s, 2H; CH,), 4.32 (q, °*J = 7.1 Hz, 2H; CH,0), 7.94 (d, 3] = 14 Hz, 1H; HC=), 10.90 (br s,
1H; NH); 3C NMR (75 MHz, CDCl;): § 11.8, 50.6, 62.8, 101.6, 116.2 (q, 'Jc.r= 285 Hz, CF3), 116.7 (q, Jcr= 291 Hz,
CF;), 162.4,167.1, 175.3 (q, 2Jcr= 34 Hz, C=0), 180.4 (q, 2Jc.r= 37 Hz, C=0); '°F NMR (235 MHz, CDCl3): § -70.4 (s,
3F, CF3), -74.4 ppm (s, 3F, CF3); EIMS, m/z: 321 [M]* (13), 252 (100), 248 (48), 178 (96), 128 (15), 110 (14); Anal. Calcd
for C1oHoF¢NO4: C, 37.40; H, 2.82; N, 4.36; Found: C, 37.34; H, 2.92; N, 4.47.

4.2.2  Synthesis of pyrrole derivative

A mixture of enaminedione 2 (960 mg, 3 mmol) and triethylamine (425 pL, 3 mmol) in acetonitrile (15 mL) was stirred
for 24 h at r.t (25 °C). The mixture was then evaporated and the residue was purified by chromatography on silica gel and
elution was realized with a mixture of CH,Cly/cyclohexane (8:2) to afford 790 mg of pyrrole 3.

4-(2,2,2-Trifluoro-acetyl)-3-trifluoromethyl-1H-pyrrole-2-carboxylic acid ethyl ester 3

Yellow oil; 87 %; IR-ATR (cm'): 3383, 1744, 1679, 1604, 1218, 1143, 1036; 'H NMR (300 MHz, CDCL): & 1.38 (t, 3] =
7.2 Hz, 3H, CHs), 4.4 (q, 3] = 7.2 Hz, 2H, CH,0), 7.70 (s, 1H, H-5), 10.46 (br s, 1H; NH); 3C NMR (75 MHz, CDCL;): §
13.9, 62.8, 111.2, 116.2 (q, Jer = 285 Hz, CFs), 118.1, 121.2 (q, Jer= 272 Hz, CF3), 129.6 (q, Jer = 34 Hz, C-3), 142.4,
159.2, 174.8 (q, Jer = 36 Hz, C=0); EIMS, m/z: 303 [M]* (13), 258 (9), 234 (62), 188 (100), 130 (72); HRMS Calcd for
C10H7F6NO:; : 303.0330, Found : 303.0330.



8
4.2.3  Synthesis of 2-(1H)-pyridinone derivative

To a solution of enaminedione 2 (800 mg, 2.5 mmol) and ethyl glycinate hydrochloride (420 mg, 3 mmol) in acetonitrile
(15 mL), was added dropwise triethylamine (710 pL, 5 mmol) at 0 °C. After stirring for 14 h at r.t (25 °C), the solvent was
evaporated under vacuum. Chromatography of the residue on silica gel and elution with CH>Cl, afforded 680 mg of 2-(1H)-
pyridinone 4.

[3-Amino-2-0x0-5-(2,2,2-trifluoroacetyl)-4-trifluoromethyl-2 H-pyridin-1-yl]-acetic acid ethyl ester 4

White solid; 76 %; mp 132-135 °C; IR-ATR (em™'): 3366, 1745, 1665, 1604, 1266, 1208, 1142; 'H NMR (300 MHz,
CDCly): 8 1.31 (t, 3 = 7.2 Hz, 3H; CHs), 4.28 (g, 3J = 7.2 Hz, 2H; CH,0), 4.72 (s, 2H; CHa), 5.53 (br s, 2H; NHa), 7.23 (s,
1H; H-6); °*C NMR (75 MHz, CDCL): & 13.7, 51.1, 62.3, 103.5 (q, Jer = 33 Hz, C-4), 111.3, 115.7 (g, Jer = 289 Hz,
CF3), 123.5(q, Je.r =272 Hz, CFs), 129.3, 137.9, 157.3, 166.4, 178.6 (q, 2Jc.r = 36 Hz, C=0); '°F NMR (235 MHz, CDCl):
§ -58.1 (s, 3F, CF3), -72.2 (s, 3F, CF3); EIMS, m/z: 360 [M]* (100), 291 (82), 263 (9); Anal. Caled for C12H 0FsN204: C,
40.01; H, 2.80; N, 7.78; Found: C, 40.06; H, 2.84; N, 7.97.

Supplementary materials: Supplementary data supporting the outcomes of this research are available via the
“Supplementary information” section of this article’s webpage.
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