Accepted Manuscript

Preparative synthesis of 2,2-dimethyl-5-(trifluoroacetyl)-1,3-dioxane-4,6-dione (2-
trifluoroacetyl Meldrum's acid) and 2,2-dimethyl-6-(trifluoromethyl)-4H-1,3-dioxin-4-
one and their synthetic usefulness as (trifluoroacetyl)ketene precursors

Dmitri V. Sevenard, Andrey V. Didenko, Denis Lorenz, Michael Vorobiev, Johannes
Stelten, Thomas Diilcks, Vyacheslav Ya Sosnovskikh

PII: S0040-4020(17)30100-X
DOI: 10.1016/j.tet.2017.01.065
Reference: TET 28435

To appearin:  Tetrahedron

Received Date: 10 October 2016
Revised Date: 16 January 2017
Accepted Date: 26 January 2017

Please cite this article as: Sevenard DV, Didenko AV, Lorenz D, Vorobiev M, Stelten J, Diilcks T,
Sosnovskikh VY, Preparative synthesis of 2,2-dimethyl-5-(trifluoroacetyl)-1,3-dioxane-4,6-dione
(2-trifluoroacetyl Meldrum's acid) and 2,2-dimethyl-6-(trifluoromethyl)-4H-1,3-dioxin-4-one and
their synthetic usefulness as (trifluoroacetyl)ketene precursors, Tetrahedron (2017), doi: 10.1016/
j-tet.2017.01.065.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2017.01.065

Graphical abstract

Preparative synthesis of 2,2-dimethyl-5-(trifluoroaetyl)-1,3-dioxane-4,6-dione (2-trifluoroacetyl Medrum’s
acid) and 2,2-dimethyl-6-(trifluoromethyl)-4H-1,3-dioxin-4-one and their synthetic usefulness as

(trifluoroacetyl)ketene precursors

Dmitri V. Sevenard,* Andrey V. Didenko, Denis LomrMichael Vorobiev, Johannes Stelten, Thomas Biléid
Vyacheslav Ya. Sosnovskikh

O OH 0]
/ ¢

o] )

>k ) F,C” Y0 FyC o)<

0
ﬂx leN—CN \ =—OEt

X o) o)
/Ej ’ Fsc/foj\l\N /fj\/

R, FsC~ O~ “OEt

FsC




1

Preparative synthesis of 2,2-dimethyl-5-(triflucretyl)-1,3-dioxane-4,6-dione
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ABSTRACT

A simple and reliable method for the preparatior2#-dimethyl-5-(trifluoroacetyl)-1,3-dioxane-
4,6-dione and 2,2-dimethyl-6-(trifluoromethylH41,3-dioxin-4-one on a multigram scale was
developed. These (trifluoroacetyl)ketene precurseese used in the hetero-Diels-Alder reaction

with dialkylcyanamides and 1-ethoxyprop-1-yne, &l &s in some reactions with nucleophiles.

Keywords. Fluorinated compounds, (Trifluoroacetyl)ketene,ldviem’s acid, Hetero-Diels-Alder

reaction, Trifluoroacetoacetylation, Preparativehod

1. Introduction

For other project, ongoing in our laboratory, wguieed a sample of trifluoroacetoacetylatéd
(2-hydroxyethyl)phthalimidd.. A literature survey showed that this compound locarprepared by
alcoholysis of  2,2-dimethyl-5-(trifluoroacetyl)-t@oxane-4,6-dione  (2-trifluoroacetylated
Meldrum’s acid2) described by Yamamoto and coworkers in 199/ich reacted withert-butyl
alcohol in chloroform at room temperature, yieldB@P6 oftert-butyl trifluoroacetoacetate. It was
also shown in the same work that maintaining thd 2en chloroform solution in the presence of

acetone for 2 days gave a moderate yield of 2,2thigh6-(trifluoromethyl)-4H-1,3-dioxin-4-one
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3, which properties have not been studied. It wap@sed by the authors that the transformagion
— 3 proceeds via the formation of (trifluoroacetyl ¢4, followed by [4+2] cycloaddition at the
carbonyl group of acetoh¢Scheme 1).

The dioxin3 was first obtained in 1995 by trifluoroacetylatiofiin situ generated ketene with
trifluoroacetic anhydride in the presence of acefdout the yield was merely 8%Among its
closest analogs, syntheses of 5-substituted 2,2tlyh6-(trifluoromethyl)-4-1,3-dioxin-4-one$
have been reported, using the respective keteriflaprpacetic anhydride, and acetohe-
(trifluoromethyl)-4-oxo-1,3-dioxin-2-spirocyclohema 6 was obtained from 4,4,4-trifluoro-3-
oxobutanoic acid, cyclohexanone, and acetic antigdn the presence of sulfuric aéiénd 2,2-
dimethyl-5-(trifluoromethyl)-4-1,3-dioxin-4-one7 was also obtained from 2,2-dimethyl-5-iodo-
4H-1,3-dioxin-4-one, trifluoromethyliodide, and copg®wder in HMPA as a solventScheme 1).
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Scheme 1Target 1,3-ketoestdrand knowrfluorinated-4-1,3-dioxin-4-ones.

2. Results and discusion

Despite the obvious synthetic importance of compisihand3, which can be considered as a

source of the highly reactive (trifluoroacetyl)keget, the methods suitable for their preparation
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have been described only in one brief repomtithout information about yields, spectral and
analytical data. In the wotkhe authors propose a method for the syntheststifluoroacetylated
Meldrum’s acid2 by treatment of Meldrum’s acid witk-(trifluoroacetyl)imidazole in the presence
of imidazole in chloroform at room temperature ldoled by washing the reaction mixture with
10% aqueous HCI. Even though an analogous appmaslalso used for the trifluoroacetylation of
1,3-cyclohexanedionésyve failed to reproduce the synthesis of a2idinder those conditions
despite numerous attempts. The presence of imidazaalt8 of the desired tricarbonyl compound
in reaction mixture was detected in all casesHyand**F NMR spectroscopy, but it decomposed
to 4,4,4-trifluoro-3-oxobutanoic ac#d trifluoroacetic acid, and the starting Meldrunasid when
3-10% aqueous HCI or 5% aqueous citric acid wasddor the removal of imidazole, while only
trace amounts of the target compouddvere observed. Only the use of HCI in diethyl ethe
(saturated solution was diluted with equal amouhtdmthyl ether) allowed to obtain the
trifluoroacetylated aci@ in mixture with dioxin3 and trifluoroacetoacetic ac#l(2:3:9 = 20:10:1).
Pure compoun® could be isolated in 24% vyield by washing soliddazolium chloride with
chloroform, followed by removal of solvent undercuam without heating (the conversion of acid
2 to dioxin 3 was accelerated by heating). It should be notetittte use of saturated HCI solution
in diethyl ether immediately converted the $alb dioxin3. The attempt to synthesize compoind
by reaction of Meldrum’s acid with trifluoroacetmhydride in the presence of;Htand DMAP
was not successful (Scheme 2). Tautomeric featafesompounds2 and 9 are discussed in

Supporting Information.
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Scheme 2Synthesis of 2-trifluoroacetylated Meldrum’s a2id

As mentioned above, an important reactivity featofe dioxane 2 was its spontaneous
decarboxylation to dioxi8. Indeed, we found that this transformation ocalimet only in CD({
solution at room temperaturg:8:9 = 91:7:2 after 2 h, 52:44:4 after 22 h, 6:63:3ral00 h), but
also in solid state at —30 °@:8:9 = 90:6:4 after 10 days and 56:33:11 after 4 mqgnthke
transformation2 — 3 in CHCL solution in the presence of acetone was comptet&6i h and
provided dioxin3 in quantitative yield according to NMR. The dioXrhas been characterized in
the literaturé as colorless oil, unstable at room temperaturedeedmposing completely in 24 h.
According to our data, the decomposition rate e tompound in closed vessel at ~20 °C to the
acid9 and 1,1,1-trifluoroacetone was fairly slo&q:trifluoroacetone = 85:7:8 after 24 h both in
CDCl; and in solid state), and it could be stored féeva months at —30 °C. When a drop of water
was added to an NMR sample of compo@nd CDCkL, we observed its complete conversion to the
acid9 within 7 days, accompanied by partial decarboxyfato 1,1,1-trifluoroacetone.

Taking into account the fact that compoun? represents a masked form of
(trifluoroacetyl)ketenet,! it is logical to propose that dioxi® can also serve as its precursor. We

compared the reactivity of precursord and 3 in hetero-Diels-Alder reactions with
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dialkylcyanamides and 1-ethoxyprop-1-yne, and distadd that both compoundsand3 gave the
same product$0-12, but the reactions with dioxi® always occurred faster and gave higher yields
of products. For example, refluxing the compouhavith dimethyl- and diethylcyanamides in
benzene for 1.5 h gave 2-dialkylamino-6-trifluoradmg-1,3-oxazin-4-one40 and11 in 60% and
48% vyields, respectively, while the yield of prodd® from dioxane2 was merely 19% after
refluxing for 20 h. Based on these data, we carpgee that the reaction of dioxa@ewith
dienophiles involves the formation of compouhds intermediate, according to the ro2ite> 3 —
4 (Scheme 3).

The reaction of compound@sand3 with 1-ethoxyprop-1-yne was observed to produosxdure
of regioisomeric 4-pyrones2aand12b in 6:1 ratio (again, these products were obtaineoetter
yields and purity from the dioxir3, than from dioxane). The regioisomerd2ab could be
separated chromatographically, and pure samples prerpared for analysis by using preparative
TLC. For the purpose of structure determinatiom, dbtained mixture was heated with ammonia in
ethanol for 16 h, leading to the pyridink3a and13b as products of 4-pyrorik2a transformatioh
in 46% and 8% yields, respectively, after isolatigncolumn chromatography. The regiochemistry
of pyridine 13a was established by atH—*C HMBC 2D NMR experiment, with the most
informative cross peaks of H-5/C-3, H-5/C-7, H-BCH-7/C-2, H-7/C-4 and H-8/C-2, allowing to
exclude the isomeric structut@c from consideration. It should be noted that pyrdi3c was not
detected even in trace amounts, because the mipgrofe12b did not react with ammonia and
was recovered in unchanged form. This fact indg#bat the initial attack by ammonia molecule
on pyronel2a occurred at position 2, which was deactivated Hey gresence of methyl group in
pyrone 12b. In order to elucidate the mechanism for the fdaromaof pyridine 13b, we treated
compoundl3a with excess of 25% aqueous ammonia and foundthieateaction did not proceed
upon refluxing in 1,4-dioxane and even with heaimgutoclave (1,4-dioxane, 140°C, 16 h), and
pyridine 13a was completely recovered. Obviously, the subsbitubf ethoxy group with amino

group occurred prior to the formation of pyridireg.
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Scheme 3Hetero-Diels-Alder reactions @and3.

In the'H NMR spectrum of pyridind3a taken inCDCl; the signal of H-5 proton &t6.75 ppm
was found, instead of the expected.10—7.28 ppm range for a regioisomer of tyBe® Besides
that, **C NMR spectrum of this compound showed three dowdhfignals belonging to carbon
nuclei bonded to heteroatoms, while 4 such sigehtuld be expected for its isom&Be.® The
most downfield*C NMR signals of pyridine$3aand13b were singlets ai 163.6 and 161.7 ppm,
respectively, in agreement with the structure gfyddinol (the 4-pyridone carbonyl signal is
usually above 170 ppf). Thus, the main product of (trifluoroacetyl)ketes reaction with 1-
ethoxyprop-1-yne had the structure of 2-ethoxy-#epg 12a, also in agreement with literature
datd describing the transformation of related non-finated 4-pyrones to 4-hydroxypyridines.

Mass spectra (El) of compoun@sand 3 displayed the expected ion with/z 138, due to
(trifluoroacetyl)ketene radical cation generated fbggmentation through the retro-Diels-Alder
mechanism (its molecular formulaF;0, was confirmed by HRMS). However, this signal was
totally absent in the mass spectrum of compoii while another fragment withvz 139 was
observed instead (the same peak, although muchewneaks also present in the mass spectrum of

dioxin 3). The presence of this ion can be explained hy oijpening viau-cleavage at the carbonyl



7

group and hydrogen atom transfer through a 6-memdb&mansition state after the appropriate
conformational change (Scheme 4). Remarkably, thssnspectra of pyridings3ab also did not
show the ion withm/z 137 from decomposition by retro-Diels-Alder medsan Instead, another
strong peak withm/z 138 was observed, with the molecular formulaH$E3;NO) confirmed by
HRMS. The formation of this ion can be explainedlagously. Thus, the fragmentation pathways
proposed in Scheme 4 appear to be preferred whempared to the expected retro-Diels-Alder

reaction, and significant amounts of 4-pyridonetdmer of13is present in the gas phase.

Gz
126] — fi i‘“ — i ¢
oy C\

m/z 222 OEt
Et m/z139
+
@)
Il
_ CH,
— )<Me = \' Me —> + )J\ )
m/z196 FsC Me FsC (0} Fs.C” S0 Me” O
m/z 139

e dea G G

13b
m/z 192

Scheme 4Fragmentation pathways in mass spectra (El) of comg@s3, 12b and13b.

With a reliable method for the synthesis of dioxa@ne hand, we studied its reaction with(2-
hydroxyethyl)phthalimide. As expected, the targempoundl was obtained in 35% yield as a
stable covalent hydrafied, when reacted in dichloromethane at room tempegaithe use of dioxin
3 in this reaction allowed to increase the yieldpodduct14 to 43%. In contrast to the thoroughly
studied acetoacetylation reaction using 2,6,6-tfiylel,3-dioxin-4-oné? this is the first known
example when alcohols were trifluoroacetoacetylated the action of 2,2-dimethyl-6-
(trifluoromethyl)-4H-1,3-dioxin-4-one3. The reaction of hydrazine hydrate with compounh
dimethoxyethane at room temperature began witlatmeation of saltl5, which was transformed
in acetic acid to the previously knoWwrpyrazolel6 in 21% yield. This transformation can also be
interpreted as trifluoroacetoacetylation of hydnazfollowed by intramolecular cyclization at the

trifluoroacetyl group (Scheme 5).
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Scheme 5Synthesis of compounds, 16 and17.

We further studied the thiophenol trifluoroacetdgiaion, aiming the preparation of a little-
known trifluoromethylated pB-ketothioesters. Treatment of compounds or 3 with 4-
methoxythiophenol in dichloromethane provided theodster 17 in 20% and 49% yields,
respectively (Scheme 5). In thid and*°F NMR spectra of this product taken in CR@lree sets of
signals in 86:13:1 ratio were found, correspondmépydrate (CH singlet at 3.09 ppm, broadened
singlet of twoOH groups at 4.8 ppm, Gkt —87.2 ppm), enol fornOH at 12.2 ppm, €EH at 6.02
ppm, Ck at —74.8 ppm), and keto form (gKinglet at 4.01 ppm, GRt —79.2 ppm), respectively.
It should be noted that (trifluoromethyl)ketones arell known to exist agem-diols'? due to the

electron-withdrawing effect of the Ggroup.
3. Conclusion

We have developed reliable procedures for the patipa of trifluoroacetylated Meldrum’s acid
and 2,2-dimethyl-6-(trifluoromethyl)#4-1,3-dioxin-4-one on a multigram scale, enablingirth
complete characterization. These valuable-Gintaining building blocks were demonstrated to

serve a source of the highly reactive (trifluoragijketene. As trifluoroacetoacetylating agent and
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diene component in hetero-Diels-Alder reaction;dBethyl-6-(trifluoromethyl)-4-1,3-dioxin-4-
one is considerably superior to its precurdoi he reported compounds are of particular syntheti

interest, demonstrated in reactions with a rangaucfeophiles and dienophiles.
4. Experimental section

4.1. General

NMR spectra were recorded on Bruker WB-38H ¢ 360.2 MHz), Bruker DRX-400"C —
100.6 MHz), Bruker DPX-200' — 200.1 MHz*C — 50.3 MHz and®F — 188.3 MHz) and Bruker
AC-200 ¢H — 200.1 MHz and®F — 188.1 MHz) spectrometers at room temperatuhentcals
shifts are reported relative W& (*H and*°C: = 0.00 ppm) and CFEI*°F: § = 0.00 ppm). As
internal standards the residual solvent protonadgy(2.50 ppm for DMS@k, 7.25 ppm for CDG|
1.94 ppm for CBCN and 7.15 ppm for §Dg solutions), CDG and DMSO#d signals £°C: 77.0
and 39.4 ppm, respectively) andrgsignal (°F: —162.2 ppm) were used. Assignment of signals in
13C NMR spectra based on carbon-fluorine couplinigs,results of DEPT 135 (for compour@ls
13, 14 and 17) and 2D 'H-'3C HMBC experiments 133 measured on Bruker DPX-200
spectrometer. The mass spectra were recorded omngg&h MAT 95 double-focusing mass-
spectrometer (El, 70 eV, direct inlet). High-resmn measurements (HRMS) were performed on
the same instrument using the peak matching mestod resolution of 10000 (10% valley).
Reagents were purchased and were used as recethedtfurther purification. The reactions were
carried out in oven-dried glassware under staticaldnosphere. The solvents were dried using
standard procedures: @El; and CHC} from ROs, benzene, THF, DME and diethyl ether from
sodium/benzophenone ketyl). Silica gel 0.060-0.800, 60 A (Acros Organics) was used for

column chromatography.
4.2. 1-Ethoxy-1-propyne

This compound was prepared using procedure publishdier™ *H NMR (CDCk) &: 1.32 (t,
3H, Me,J =7.1 Hz), 1.72 (s, Me), 4.00 (q, 2H, gd = 7.1 Hz). The product contained ca. 3 mol%
of 1-ethoxyallene®H NMR (CDCE) &: 1.25 (t, 3H, Me,J = 6.7 Hz), 3.61 (g, 2H, CHJ = 6.7 Hz),

5.41 (d, 2H, H-1J = 5.3 Hz), 6.70 (dd, 1H, H-1,= 5.3, 5.1 Hz)] as admixture.

4.3.N-(Trifluoroacetyl)imidazole
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This compound was prepared by modified proceduldighed earliet* To a pre-cooled (5 °C)
and well-stirred absolute THF (100 mL) trifluoroiceanhydride (80 g, 380 mmol) was added
carefully. The solution formed was added to a meled (5 °C) and well-stirred solution of
imidazole (51.6 g, 759 mmol) in absolute THF (24D) marefully. The mixture was stirred for 1 h
at ambient temperature, and left at 0 °C overnighé solid precipitate was filtered off and washed
with diethyl ether (25 mL). The filtrate was cont@tedin vacuo without heating and the residue
was distilled to provide the desired product. Yid®l g (79%), hydrolytically sensitive colorless
liquid, very moisture sensitive, bp 73-75 °C (100rT (lit.* 45-46 °C (14 Torr))!H NMR
(CDCl) &: 7.21 (dd, 1H, H-4,) = 1.8, 0.8 Hz), 7.55 (m, 1H, H-5), 8.24 (s, 1IH2H"F NMR
(CDCls) 8: —=71.3 (s, CE). The parameters in agreement with published Bata.

4.4. 2,2-Dimethyl-5-(trifluoroacetyl)-1,3-dioxan-46-dione (2-trifluoroacetyl Meldrum’s acid)
(2)

4.4.1. To a solution of imidazole (7.15 g, 105 mmol) mhgdrous CHG (180 mL) 2,2-dimethyl-
1,3-dioxan-4,6-dione (15.1 g, 105 mmol) was added@n temperature. To the mixture a solution
of N-(trifluoroacetyl)imidazole (18.1 g, 105 mmol) irHCI; (180 mL) was added carefully under
stirring within 30 min. The solvent from the yell®h solution formed (contains s#tas the only
fluorinated compound as revealed 8y NMR) was removeth vacuo without heating. The yellow
oily residue [bis-imidazolium 2,2-dimethyl-5-(tufbroacetyl)-1,3-dioxan-4,6-dionat8: vyield
100%, yellow oil;'H NMR (CDCk) &: 1.71 (s, 6H, 2 Me), 7.23 (s, 4H, imidazolium)1 B(s, 2H,
imidazolium), 14.08 (s, 3H, 3 NH}*F NMR (CDCE) &: —=73.0 (s, CE] was dissolved in CHGI
(50 mL), cooled down to —30 °C and half-saturaté&l sblution in diethyl ether (150 mL, prepared
by dilution of saturated solution with diethyl eth&1) was added under vigorous stirring. The
mixture was stirred for 15 min at ambient tempeawtand the precipitate of imidazolium chloride
was filtered off under Natmosphere. The volatiles from the filtrate wesovedn vacuo without
heating to provide the mixture of dioxaBedioxine3, and ketoaci® (20:10:1 as estimated B
and'*F NMR spectra) as a yellow waxy solid (10 g). Thedipitate of imidazolium chloride above
was washed with CHgI(2 x 100 mL), the solvent was removad vacuo without heating to
provide pure2 in yield 6.0 g (24%), white solid, mp 87-88 °C¢dmp.).*H NMR (CDCk) &: 1.79

(s, 6H, 2 Me), 16.1 (br. s, 1H, OHJF NMR (CDCE) &: —=70.9 (s, CF. **C NMR (CDC}) 5: 26.8,
91.9, 107.5, 117.1 (d,= 280.6 Hz, CB), 155.6, 172.3, 175.2 (4,= 39.9 Hz, COCH. MS (27 °C),
Mz (lrel (%)): 240 [MT (3), 225 (18), 138 (3), 69 (32), 58 (31), 43 (LAARMS: vz [M] * found:
240.0242. Calc. for §H7F30s: 240.0240; 0.59 ppm. HRMSwz 138 found: 137.9926. Calc. for
C4HF30,: 137.9923; 1.77 ppm.
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4.4.2. 4,4,4-Trifluoro-3-oxobutanoic acid (9). The precipitate of imidazolium chloride above was
washed with anhydrous diethyl ether (2 x 50 mLg #olvent was removeih vacuo without
heating to leave crude ketoaddYield 0.5 g (3%), yellowish solid, mp 54-55 °Cndt (C+D),
keto €E) and hydrate ) forms in 76:12:12 ratio were detected usfijand**F NMR for this
sample of aci® dissolved in CDGl The analytical sample was obtained by sublimatbthe
crude productn vacuo at ambient temperature. Colorless prisms, mp 7%&81(C+D).E:F =
63:10:27 ratio were detected at room temperatutbanfreshly prepared CD£solution. MS (56
°C), MVZ (lre (%)): 156 [M] (35), 139 (20), 119 (10), 112 (53), 97 (3), 87)(&® (100).

4.4.2.1. Enol (C+D): *H NMR (CDCk) &: 5.69 (s, 1H, €H), 8.0 (br. s, 1H, CgH), 11.3 (br. s, 1H,
OH). **F NMR (CDCE) 8: —75.1 (s, CE). **C NMR (CDCE) &: 91.6 (g, C-2,) = 3.5 Hz), 118.2 (q,
J=275.0 Hz, CF), 161.7 (q,) = 36.8 HzC-3), 175.7 (C-1).

4.4.2.2. Keto-form E: 'H NMR (CDCk) &: 3.82 (s, 2H, Ch), 8.0 (br. s, 1H, CéH). *F NMR
(CDCl) &: =79.3 (s, CB.

4.4.2.3. Hydrate F: *H NMR (CDCk) &: 2.91 (s, 2H, Ch), 6.5 (br. s, 2H, 2 OH), 8.0 (br. s, 1H,
CO,H). F NMR (CDC}) 8: -87.4 (s, CB).

4.5. 2,2-Dimethyl-6-(trifluoromethyl)-4H-1,3-dioxin-4-one (3)

4.5.1. Method A. To a solution of 2 (2.4 g, 10 mmol) in anhydr@IsCl; (40 mL) acetone (10 mL)
was added. The mixture was stirred for 1 h at ambtemperature and then heated (bath
temperature 50 °C) for 16 h (G@volution observed). The volatiles were remowedacuo to
provide pure compoungl Yield 1.55 g (79%), yellowish liquidH NMR (CDCk) &: 1.77 (s, 6H, 2
Me), 5.90 (s, 1H, H-5)'H NMR (CgDe) &: 1.00 (s, 6H, 2 Me), 5.41 (s, 1H, H-5JF NMR (CDCE)

8: —74.9 (s, CB. *F NMR (GDe) &: =74.4 (s, CB. **C NMR (CDCE) &: 24.6 (Me), 96.8 (q) =

2.9 Hz, C-5), 109.3, 117.9 (d4,= 273.2 Hz, CE), 154.7 (gJ = 39.8 Hz, C-6), 158.9. MS (26 °C),
Mz (e (%)): 196 [M]' (11), 181 (5), 139 (2), 138 (1), 69 (18), 58 (43, (100). Found (%): C,
42.60; H, 3.55. Calc. for Ei7F303 (%): C, 42.87; H, 3.60.

4.5.2. Method B. To a solution of imidazole (17.7 g, 260 mmolamhydrous CHGI(350 mL) 2,2-
dimethyl-1,3-dioxan-4,6-dione (37.4 g, 260 mmol)sveaided at room temperature. To this mixture
a solution ofN-(trifluoroacetyl)imidazole (45.0 g, 274 mmol) inHCIl;3 (260 mL) was added
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carefully under stirring within 30 min; 2/3 of tlselvent from the yellowish solution of s&@twas
removedin vacuo without heating. The residue was cooled down t % and half-saturated HCI
solution in diethyl ether (300 mL) was added undgorous stirring. The mixture was stirred for 15
min at ambient temperature, the precipitate of analium chloride was filtered off and washed
with CHCL (2 x 100 mL). The volatiles from the filtrate wememovedin vacuo to provide the
yellow waxy solid which consists of compouriand3 in 1:2.9 ratio with traces of ac®(*H and

F NMR data). The solid was dissolved in CH(@00 mL) and acetone (150 mL) was added. The
mixture was stirred for 20 min at ambient tempeand then heated (bath temperature 50 °C) for
20 h (CQ evolution observed). The volatiles were remowedacuo to provide crude compouri
which is pure enough (ca. 90% assay by NMR) todssl without further purification for the most
applications. Yield 34 g (ca. 60%). If necessahge product can be purified by distillation,
however, the considerable tar formation takes ptakthe losses of the substance are significant:
2.0 g of the crude product being distilled gaved. di the pure compouriglas a colorless liquid, bp
62—-65 °C (12 Torr).

4.5.3. Method C. To a solution of imidazole (0.72 g, 10.5 mmoljamhydrous CHGI(18 mL) 2,2-
dimethyl-1,3-dioxan-4,6-dione (1.51 g, 10.5 mmog§snmadded at room temperature. To the mixture
a solution of N-(trifluoroacetyl)imidazole (1.81 g, 110 mmol) inHCI; (18 mL) was added
carefully under stirring within 30 min. The solvefiom the yellowish solution of saB was
removedin vacuo without heating. The yellow oily sat was dissolved in CHEI(5 mL), cooled
down to —30 °C and saturated HCI solution in dietther (15 mL) was added under vigorous
stirring. The mixture was stirred for 15 min at aembh temperature, and the precipitate of
imidazolium chloride was filtered off under,Nitmosphere. The volatiles from the filtrate were

removedn vacuo to provide compound with admixture of aci® (8%). Yield 1.1 g (ca. 49%).
4.6. 2-Dimethylamino-6-(trifluoromethyl)-1,3-oxazin1H-4-one (10)

4.6.1. Method A. To a solution of compoun@ (400 mg, 2 mmol) in dry benzene (10 mL)
dimethylcyanamide (150 mg, 2.1 mmol) was addedthadnixture was heated at reflux for 1.5 h.
The volatiles were removeidh vacuo and crude product was recrystallized from heptaheine
(5:1). Yield 250 mg (60%), yellow crystals, mp 100-101 *8.NMR (CDCk) &: 3.14, 3.19 (both
s, each one 3H, MH), 6.36 (s, 1H, H-5)'°F NMR (CDC}) §: —73.3 (s, CE. **C NMR (CDCE) &:
36.1, 37.9, 107.1 (q, C-5,= 2.8 Hz), 117.7 (q, GFJ = 272.9 Hz), 149.6 (g, C-G,= 40.4 Hz),
156.9, 165.7. Found (%): C, 40.20; H, 3.25; N, 33@alc. for GH7F3N,0, (%): C, 40.39; H, 3.39;
N, 13.46.
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4.6.2. Method B. To a solution of compoung@ (120 mg, 0.50 mmol) in dry benzene (2 mL)
dimethylcyanamide (40 mg, 0.57 mmol) was addedthadnixture was heated on reflux for 20 h.
The volatiles were removad vacuo, and compound0 was isolated by column chromatography
(EtOAc/hexane, 1:2 to 2:1) of the crude producel20 mg (19%).

4.7. 2-Diethylamino-6-(trifluoromethyl)-1,3-oxazin41H-4-one (11)

This compound was synthesized accordingethod 4 for compoundLO from dioxin3 (13.2 g, 67
mmol) and diethylcyanamide (6.9 g, 70 mmol) in dgnzene (150 mL). Compouridl was
isolated by column chromatography (EtOAc/hexang) @f the crude product (fraction with;R
0.4 was collected). Yield 7.6 g (48%), orange aigstmp 44-46 °C'H NMR (CDCk) &: 1.13—
1.35 (m, 6H, 2 Me), 3.44, 3.60 (both g, each one 2i€H, J = 6.8 Hz), 6.36 (s, 1H, H-5}°F
NMR (CDCl) &: —73.6 (s, CE). **C NMR (CDCE) &: 12.4, 13.5, 42.4, 43.7, 107.3 (q, CI5 2.8
Hz), 117.8 (q, Ck J = 272.8 Hz), 149.6 (q, C-8,= 40.4 Hz), 156.2, 165.9. Found (%): C, 45.70;
H, 4.61; N, 11.64. Calc. forde11F3N.0, (%): C, 45.77; H, 4.69; N, 11.86.

4.8. Reaction of 3 with 1-ethoxy-1-propyne

To a solution of compoun8 (3.9 g, 20 mmol) in dry benzene (60 mL) 1-ethoxgrépyne (2.5
g, 30 mmol) was added. The mixture was heatedflakréCaCb-drying tube) for 14 h. The yellow
solution formed (containini2aand12bin 6:1 ratio,">F NMR yield 79%) was evaporatéuvacuo
and the residue was distilled. The fraction boilingthe range 60-70 °C (1 Torr) solidified to
yellow waxy solid (1.6 g), which consists dPa and12b in 5.6:1 ratio; their analytical samples
were obtained by preparative TLC (EtOAc/hexane).1:5

4.9. Reaction of 2 with 1-ethoxy-1-propyne

To a solution of compoun® (60 mg, 0.25 mmol) in dry benzene (5 mL) 1-ethdxgropyne (85
mg, 1 mmol) was added. The mixture was heatedflakrr 16 h. The'*f NMR monitoring of the
reaction mixture (a yellow solution) revealed tremplete conversion of compourgiwith the
complex mixture of several products, whé@aand12bin 6:1 ratio could be identifiedF NMR
virtual yield ca. 20%).
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4.9.1. 2-Ethoxy-3-methyl-6-(trifluoromethyl)-4H-pyran-4-one (12a). Colorless waxy solid, mp 49—
51 °C, R = 0.3.’H NMR (CDCk) &: 1.44 (t, 3H, Me,J = 7.0 Hz), 1.87 (s, 3H, Me), 4.40 (q, 2H,
CH,, J= 7.0 Hz), 6.64 (s, 1H, H-5)’F NMR (CDC}) 6: —71.7 (s, CB.

4.9.2. 3-Ethoxy-2-methyl-6-(trifluoromethyl)-4H-pyran-4-one (12b). Colorless crystals, mp 114—
115 °C, R= 0.4.'H NMR (CDCk) &: 1.44 (t, 3H, Me,) = 7.0 Hz), 1.98 (s, 3H, Me), 4.17 (q, 2H,
CH,, J = 7.0 Hz), 6.62 (s, 1H, H-5)°F NMR (CDCk) 8: =71.5 (s, CE). MS (22 °C),m/z (I (%)):
222 [M]" (100), 207 (2), 194 (62), 117 (4), 166 (100), {58), 139 (15), 125 (40), 97 (30), 83 (14),
69 (34), 43 (4).

4.10. Reaction of 12 with ammonia

To a solution of the mixtur&2a and12b from the previous experiment (0.86 g, 5.6:1 raim)
ethanol (50 mL) 25% ag. NH2 mL) was added and the stirred mixture was ldeat®0 °C for 16
h. The red solution formed was poured onto waté0 (BL) and after extraction with diethyl ether
(4 x 30 mL) the combined organic layers were washel water (2 x 10 mL), brine (10 mL), dried
(Na&SQOy) and evaporated. The pyriding8 have been isolated by column chromatography (GHCI
as an eluent); pyriding3b was purified additionally by preparative TLC (Et@Aexane, 1:5).

4.10.1. 2-Ethoxy-4-hydroxy-3-methyl-6-(trifluoromethyl)pyridine (13«). Yield 330 mg (46%),
colorless crystals, mp 59-60 °C; R0.55 (EtOAc/hexane, 1:5H NMR (CDCk) &: 1.37 (t, 3H,
H-9,J = 7.0 Hz), 2.09 (s, 3H, H-7), 4.40 (g, 2H, £8= 7.0 Hz), 5.6 (br. s, 1H, OH), 6.75 (s, 1H,
H-5). *H NMR (DMSO-dg) &: 1.30 (t, 3H, H-9,) = 6.9 Hz), 1.98 (s, 3H, H-7), 4.29 (q, 2H, £B8I=

6.9 Hz), 6.89 (s, 1H, H-5), 11.1 (br. s, 1H, OfF NMR (CDCE) &: —69.3 (s, CE. *F NMR
(DMSO-ds) 5: —67.5 (s, CB. *C NMR (CDC}) &: 7.7 (C-7), 14.5 (C-9) , 62.6 (C-8), 103.3 (q, C-5
J = 3.0 Hz), 108.6 (C-3), 121.5 (q, &P = 273.7 Hz), 142.9 (g, C-8,= 35.4 Hz), 161.8 (C-4),
163.6 (C-2). MS (24 °CYyVz (lrel (%)): 221 [M] (52), 206 (100), 193 (90), 192 (51), 176 (7), 164
(21), 138 (75), 69 (7). Found (%): C, 48.95; H,04.K, 6.31. Calc. for §H:0FsNO; (%): C, 48.87;

H, 4.56; N, 6.33.

4.10.2. 2-Amino-4-hydroxy-3-methyl-6-(trifluoromethyl)pyridine (13b). Yield 50 mg (8%), white
powder, mp 135 °C (subl., from toluene/EtOH, 5®&),= 0.13 (EtOAc/hexane, 1:5jH NMR
(CDCly) &: 2.04 (s, 3H, Me), 4.6 (br. s, 2H, MK5.9 (br. s, 1H, OH), 6.57 (s, 1H, H-34 NMR
(DMSO-ds) 8: 1.89 (s, 3H, Me), 6.0 (br. s, 2H, MH6.51 (s, 1H, H-5), 10.4 (br. s, 1H, OHSF
NMR (CDCk) 8: —69.1 (s, CB. **F NMR (DMSO4s) &: —67.5 (s, CB. **C NMR (DMSO) &:
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8.9 (Me), 98.6 (q, C-5] = 3.0 Hz), 103.5, 122.0 (q, @R = 274.2 Hz), 142.7 (q, C-6,= 32.5 Hz),
160.1, 161.7. MS (120 °Chvz (lre (%)): 192 [M]" (100), 173 (10), 172 (25), 163 (15), 144 (12),
138 (25), 69 (2). HRMSm/z [M] " found: 192.0505. Calc. forA&7F3N,0: 192.0505; 0.16 ppm.
HRMS: m/z 138 found: 138.0156. Calc. fon@sF3NO: 138.0161; —3.5 ppm.

4.11. 2-(\-Phthalimido)ethyl 4,4,4-trifluoro-3,3-dihydroxybut anoate(14)

4.11.1. Method A. To a solution of compoun2 (240 mg, 1 mmol) in anhydrous GEl, (3 mL) N-
(2-hydroxyethyl)phthalimide (200 mg, 1 mmol) wasdad. The mixture was maintained in the
sealed flask for 24 h at ambient temperature aad/thatiles were removed vacuo. The residue
was subjected to column chromatography (EtOAc/hexaril) to provide the compourd (Rs =
0.4). Yield 120 mg (35%), white powder, mp 108 ¥@ik(.)."H NMR (CDsCN) &: 2.73 (s, 2H,
CHy), 3.92, 4.38 (both t, each one 2H, 2 CB= 5.3 Hz), 5.31 (s, 2H, 2 OH), 7.78-7.88 (m, 4H,
Ar). F NMR (CD:CN) 8: —87.3 (s, CE). *H NMR (CDsCN+CDCEk) &: 2.71 (s, 2H, Ch), 3.93,
4.37 (both t, each one 2H, 2 §H = 5.4 Hz), 7.69-7.88 (m, 4H, AYF NMR (CD;CN+CDCk) &:
-86.2 (s, CE). **C NMR (CD;CN+CDC}) &: 37.1, 38.5, 63.2 (C-4), 92.7 (q, CB= 33.2 Hz),
123.0 (q, CEk, J = 284.5 Hz), 123.7, 134.8 (both s, Ar), 132.4),(€68.6, 170.6. Found (%): C,
48.57; H, 3.65; N, 4.00. Calc. for4H1,F3NOg (%): C, 48.42; H, 3.48; N, 4.03.

4.11.2. Method B. To a solution of compoung (20 mg, 0.1 mmol) in anhydrous @El, (0.5 mL)
N-(2-hydroxyethyl)phthalimide (20 mg, 1 mmol) wasdad. The mixture was maintained in the
sealed flask for 6 days at ambient temperatdite KNMR monitoring), and the volatiles were
removedin vacuo. The residue was subjected to preparative TLC fetliexane, 1:1) to provide
the compound4. Yield 15 mg (43%).

4.12. 5-Hydroxy-3-(trifluoromethyl)-1H-pyrazole (16)

To a well stirred solution of compour(220 mg, 0.92 mmol) in absolute DME (3 mL) 100%
hydrazine hydrate (50 mg, 1 mmol) was added at amliemperature and the mixture was stirred
for 1 h. In the solution formed the salt, hydraami 2,2-dimethyl-5-(trifluoroacetyl)-1,3-dioxan-
4,6-dionate, is the only fluorinated species presas revealed by’F NMR. The volatiles were
removedin vacuo to provide crude salt5 as a beige powdet NMR (CDCk+DMSO-dg) &: 1.37
(s, 6H, 2 Me), 6.8 (br. s, 5HNHsNH,); *°F NMR (CDCE+DMSO-dg) &: —72.5 (s, CB)]. This
powder was dissolved in acetic acid (10 mL) andshietion was maintained for 60 h at ambient

temperature. After evaporation of the solvent tledoyv oily residue was subjected to column
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chromatography (CH@MeOH, 10:1) to provide pyrazoles. Yield 30 mg (21%), colorless solid,
mp 139-141 °C (lit* mp 135-137 °C)*H NMR (CDCk+acetoneds) &: 5.51 (s, 1H, H-4), 9.1 (br.
s, 2H, NH, OH, exchangeable with @D0,D). **F NMR (CDClh+acetoneds) 5: —62.8 (s, CB).

4.13.5S-(4-Methoxyphenyl) 4,4,4-trifluoro-3-oxobutanethiode (17)

4.13.1. Method A. To a solution of compouri@l(0.80 g, 4.1 mmol) in anhydrous @&, (35 mL) 4-
(methoxy)thiophenol (0.57 g, 4.1 mmol) was adddte $olution formed was maintained for 7 days
in the sealed flask at ambient temperatd?® NMR monitoring). The volatiles were removird
vacuo, the oily residue left was subjected to columnoamatography (EtOAc/hexane, 1:5) to
provide Kketothioesterl7. Yield 600 mg (49%), white solid, mp 65-66 °C; R 0.30.
Hydrate:enol:keto forms in 86:13:1 ratio were degdcusing’H and *°F NMR in the freshly
prepared CDGlsolution at room temperature. MS (32 °@Jz (I (%)): 296 [M] (2), 278 (4), 140
(100), 139 (20), 125 (30), 97 (5), 69 (27). HRM®&z [M]" found: 296.0317. Calc. for
C11H11F30,4S: 296.0325; —2.62 ppm.

4.13.1.1. Enol: '"H NMR (CDCEk) &: 3.84 (s, 3H, MeO), 6.03 (s, 1H, =CH), 6.98, 7(3A'BB'-
system (dd), each one 2H, Al = Jag = 9.0 Hz), 12.2 (br. s, 1H, OHY’F NMR (CDCE) §: —
74.9 (s, CB).

4.13.1.2. Keto-form: *H NMR (CDCk) &: 4.01 (s, 2H, Ch). °F NMR (CDCE) 6: —79.2 (s, CB.

4.13.1.3. Hydrate: *H NMR (CDCE) &: 3.09 (s, 2H, Ch), 3.83 (s, 3H, MeO), 4.8 (br. s, 2H, 2 OH),
6.96, 7.34 (AA'BB'-system (dd), each one 2H, &g = Jas = 8.6 Hz).®F NMR (CDCE) &: —87.2
(s, CR). ®*C NMR (CDCE) &: 43.6 (C-2), 55.3 (Me), 93.3 (d, = 33.4 Hz,C-3), 115.1, 136.0
(CHY), 121.9 (qJ = 286.0 Hz, Ch), 132.6, 161.2, 199.2.

4.13.2. Method B. To a solution of compour2l(80 mg, 0.33 mmol) in anhydrous @&, (3 mL) 4-
(methoxy)thiophenol (45 mg, 0.33 mmol) was addedke $olution formed was maintained for 5
days in the sealed flask at ambient temperature. Vidiatiles were removeinh vacuo, the oily
residue left was subjected to preparative TLC (EtAxane, 1:5) to provide ketothioestef.
Yield 20 mg (20%).
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Preparative synthesis of 2,2-dimethyl-5-(trifluoroaetyl)-1,3-dioxane-4,6-dione (2-trifluoroacetyl Medrum’s
acid) and 2,2-dimethyl-6-(trifluoromethyl)-4H-1,3-dioxin-4-one and their synthetic usefulness as

(trifluoroacetyl)ketene precursors
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