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Abstract

The one-step preparation of diethyl 2-ethoxy-6-CFs-2H-pyran-3,5-dicarboxylate via the
condensation of ethyl 4,4,4-trifluoroacetoacetate with  CH(OEt); has been reported and a
plausible mechanism for this transformation is discussed. To demonstrate the synthetic potential
of the obtained pyran, the reactions with- ammonia and aromatic amines to give

trifluoromethylated pyridine derivatives are presented.
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Introduction

Ethyl 4,4,4-trifluoroacetoacetate (B-keto ester 1) is an attractive building block in organic
synthesis due to its readily availability and ease of handling in various condensation reactions to
produce compounds of biological interest. Three non-equivalent carbon centers in the structure
of B-keto ester 1 open the possibility for highly chemo- and regioselective modification, thereby
providing numerous heterocyclic, aromatic and multi-functional frameworks.? This diversity can
be achieved by varying the reagents in two- or three-component condensations with B-keto ester
1, for example, a number of trifluoromethylated pyrazoles and pyrimidines have been obtained
(Fig. 1). In most cases the target product skeleton is based on the B-dicarbonyl fragment of -
keto ester 1 and only a few reports describe C-C bond cleavage resulting in trifluoroacetyl group

elimination.®
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Figure 1. Representative examples of the applications of B-keto ester 1

The reaction between B-keto ester 1 and CH(OEt); was described more than 60 years ago
and nowadays the condensation product (2) is commercially available (Scheme 1).® In the initial
report, Jones and co-workers obtained ethyl 2-ethoxymethylene trifluoroacetoacetate 2 in 67-
70% isolated yield after distillation, with recovery of the starting reagents.** Later, it was shown
that minor changes in the reagent ratio resulted in increased yields of the target compound 2>
(Table 1). Previously, our research group described a more economical method for this
condensation without the use of toxic Ac,0.*" The proposed two-component synthesis from f-
keto ester 1 and CH(OEt); seemed reasonable due to the high a-CH-activity of fluorinated -
ketoesters, however, the drawback was a lower yield of compound 2 compared to Ac,0-based
procedures.’ In general, the o-functionalization of trifluorinated 1,3-dicarbonyl derivatives leads
to enhanced reactivity of the trifluoroacetyl moiety which can be a reason for unpredictable
reaction routes.® Taking this into account, we focused on investigating the reaction between p-

keto ester 1 and CH(OEt)s in detail.

Herein, we report a novel method for the construction of a trifluoromethylated pyran

derivative from the condensation of B-keto ester 1 with CH(OEt)s.
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Scheme 1. Two possible pathways for the reaction of -keto ester 1 with CH(OEt);

Table 1. Reaction of 3-keto ester 1 with CH(OEt); under different conditions

Entry Reactant ratio Reaction Yield, Yield,
. 2(%) 3(%) Ref
1: CH(OEt); : Ac,0, (mol) conditions

1 05:0.75:15 120-140 °C 67-70 - 4a
2 0.25:0.5:0.75 120-140°C,7h, N, 98 - 4b
3 0.54:0.81:1.62 reflux, 5 h 79 - 4c
4 0.548:1.106:1.118 120-140°C, 1.5h 75 - 4d
5 0.54:0.81:1.62 120-140°C, 7 h 63 - 4e
6 01:04:0 reflux, 1 h 59 - 4f
7 01:04:0 reflux, 24 h 56 30
8 01:04:01 reflux, 24 h 65 21
9 0.1:04:04 reflux, 10 h 84 -

To begin, the condensation reaction between p-keto ester 1 and CH(OEt)3 without Ac,O
was studied. In contrast to the previous report, the reaction time was increased from 1 to 24
hours to increase the conversion of -keto ester 1 (Table 1, entry 7). Distillation of the reaction
mixture gave two main fractions. The first fraction (colorless liquid) was collected under reduced
pressure (10 Torr) at 130-132 °C and contained compound 2 while the second fraction (yellow-
colored liquid) was collected at 157-159 °C/10 Torr. To our surprise, the second distillation
fraction contained diethyl 2-ethoxy-6-CF;-2H-pyran-3,5-dicarboxylate (3). The structure of
compound 3 was confirmed by NMR, GS-MS and HRMS. In the *H NMR spectrum, besides the



signals for ethyl groups, singlets for the 2H- and 4H-pyran protons at 6y = 6.17 and 7.61 ppm,
respectively, were observed. The *F NMR spectrum also contained a characteristic singlet for
the CF3 group at o = 95.17 ppm (CeFs as an internal standard).

The reaction process could easily be monitored by *F NMR. According to the *°F NMR
in CDCl3, there are two main peaks (8¢ 87.12 and 83.54 ppm) in B-keto ester 1 attributed to the
enol and keto forms, respectively. As 2-ethoxymethylene 2 started to form in the reaction
mixture, two signals corresponding to the geometric isomers of 2 appeared at 6 = 89.22 and
86.17 ppm. Additional signals at 6 = 79.65, 86.54 and 95.17 ppm were also observed, indicating
the formation of a new species. According to literature data,” the signal at 8 = 79 ppm
corresponded to hemiketal formation as a result of the reaction of B-keto ester 1 with ethanol
generated in situ from CH(OEt);. Also the signal at 6 = 86.54.ppm could be attributed to the
appearance of ethyl trifluoroacetate during the condensation reaction.

To understand this process, an extensive screening of reaction parameters was carried
out. Acidic and basic agents (H,SO4, PTSA, DBU), and the Lewis acid BF3*Et,0 were
investigated in the reaction between B-keto ester 1 and CH(OEt)s. In most cases low conversion
along with the formation of a mixture of by-products was observed. We also verified the effect
of Ac,O on the outcome of the condensation reaction. The use of equal equivalents of p-keto
ester 1 and Ac,0O along with an excess of CH(OEt); resulted in the high conversion of 3-oxo
ester 1 to give compounds 2 and 3 in 65% and 21% yield, respectively (Table 1, entry 8).

From these experiments, a plausible mechanism for product 3 formation from B-keto
ester 1 and CH(OEt); was proposed (Scheme 2). It is well known that CH(OEt)3; generates both
(Et0),CH" and EtO", which in the reaction with B-keto ester 1 can initiate two possible pathways
(A and B). Discussing pathway A, the crucial role of Ac,O can be explained as a scavenger of
EtO™ and EtOH, thereby preventing by-product formation. To provide an irreversible reaction
between 1 and CH(OEt)s, a major factor is either the removal of EtOH from the reaction media
by distillation or its acylation by Ac,0. In accordance with pathway B, the electron-withdrawing
properties of the CF3 group accelerate the nucleophilic addition of ethanol to the trifluoroacetyl
moiety of B-keto ester 1, producing intermediate hemiketal B. This suggestion is reasonable in
view of the F NMR data described above. After the detrifluoroacetylation of B, the highly
reactive intermediate formed then interacts with excess CH(OEt)3 to give C. Intermediate C acts
as a C-nucleophile in the Michael addition on the activated C=C bond of 2, with subsequent

intermolecular cyclization resulting in pyran 3 formation.
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Scheme 2. Plausible mechanism for 6-(trifluoromethyl)-2H-pyran (3) formation

CFs-containing pyrans are well known scaffolds for the construction of different
heterocyclic compounds.® To demonstrate the synthetic potential of novel pyran 3, the reactions
with ammonia, aniline and o-aminophenol were performed. The reaction of 3 with ammonia in
ethanol under ambient conditions afforded diethyl 2-(trifluoromethyl)pyridine-3,5-dicarboxylate
(4) in 83% yield (Scheme 3). Initially, the reaction of 3 with aromatic amines was carried out at
reflux, resulting in the formation of 2-hydroxy-1,2-dihydropyridine (5) and benzopyrido-1,3-
oxazole (7). To the best of our knowledge, compounds similar to 5 and 7 were recently
synthesized from the three-component reaction of p-keto ester 1 with 3-formylchromones and
aromatic amines.® In contrast, we found that the formation of benzopyrido-1,3-oxazole derivative
7 proceeds via formation of the corresponding 2-hydroxy-1,2-dihydropyridine 6 at room
temperature. The structures of compounds 4-7 were confirmed by NMR, LCMS analysis and
single crystal X-ray diffraction (Fig. 2, 3).2° In the F NMR spectra of 2-CFs-2-hydroxy-1,2-
dihydropyridines 5, 6 and benzopyrido-1,3-oxazole 7, characteristic signals of the CFs-group

appeared in the range of 75-78 ppm.



Scheme 3. Reagents and conditions: (i) 3 (3 mmol), NHz (gas, excess), EtOH, rt, 1 h, 83%; (ii) 3 (30
mmol), aniline (3 mmol), EtOH, reflux, 2 h, 72%; (iii) 3 (3 mmol), 0-aminophenol (30 mmol), EtOH, rt, 4
h, 75%; (iv) 3 (3 mmol), o-aminophenol (3 mmol), EtOH, reflux, 4 h, 82%; (v) EtOH, reflux, 2 h, 95%.
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Figure 2. ORTEP view of molecule 6 (thermal ellipsoids at the 50% probability at 150K)



Figure 3. ORTEP view of molecule 7 (thermal ellipsoids at the 50% probability at 150K)

Notably, in contrast to compounds 4-6, heterocycle 7 gave bright-yellow crystals that
were luminescent under visible light (see ESI).

In summary, we describe the unexpected synthesis of a novel (trifluoromethyl)pyran from
ethyl trifluoroacetoacetate and CH(OEt);. The remarkable feature of this condensation is the
construction of a pyran core from two molecules of both starting reactants in a one-step reaction.
The obtained CF3-pyran is of interest as a precursor for the synthesis of heterocyclic compounds.
Further studies on the improved preparation of fluorinated pyran derivatives and their reactivity

are in progress.
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Highlights

e Novel route for the condensation of $-oxo ester with CH(OEt)s.
e One-step formation of a novel CF3-pyran was described.

e Synthesis of CFs-pyridine derivatives was elaborated.



