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Abstract

Claisen condensation of d-valerolactone and ethyl trifluoroacetate leads to a-trifluoroacetyl-d-valerolactone, existing completely in CDCl;
solution as an enol. Upon treatment of this cyclic 1,3-ketoester with aqueous HCI, an acyl-lactone rearrangement takes place. The structure of
the resulting pyran was confirmed by an X-ray analysis. The ability of the rearrangement product to lose its carboxylic group under
unexpected mild conditions was used for the synthesis of the corresponding 3-unsubstituted cyclic hemi-ketal.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

1,3-Dicarbonyl compounds represent one of the most
important classes of polyfunctional organic species due to
their interdisciplinary significance and diverse practical
uses. Introduction of fluorine into a molecule of 1,3-dicar-
bonyl derivative changes its electronic density distribution
dramatically, resulting in unexpected behaviour in the
course of chemical transformations and in peculiar tauto-
meric (keto—enol, enol-enol) features. Therefore, the fluor-
oalkyl- and fluoroaryl containing 1,3-dicarbonyl compounds
have, over the decades, come to be of considerable interest
from theoretical and synthetic points of view. Methods for
obtaining such compounds, their structural features (espe-
cially with respect to prototropy), chemical properties and
practical applications have been reviewed several times [1].
Despite the extensive investigations and significant advances
in this area, published data on the 2-polyfluoroacyl sub-
stituted lactones are lacking and deal mostly with y-butyr-
olactone derivatives [2]. In order to complement this series
and as a continuation of our systematic investigation of ring
containing 1,3-diketones [3], we undertook a synthesis and
study of the structure and chemical properties of such
lactones, varying the size of the ring and the degree of
fluorination of the acyl moiety. Here, we report the most
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interesting preliminary results obtained for o-trifluoroace-
tyl-8-valerolactone 2.

2. Results and discussion

The title compound 2 was synthesized from 6-valero-
lactone via Claisen condensation using ethyl trifluoroace-
tate and MeONa as a base. Acidolysis of the initially
formed sodium enolate 1 with HCIl in diethyl ether
gave the desired 1,3-ketoester 2 in 54% isolated yield
(Scheme 1).

1,3-Ketoester 2 is a stable colorless crystalline solid,
which can be stored at —30 °C for months and handled in
air without any discoloration or decomposition. As for the
structure of 2, only one set of signals in its 'H and '°F
NMR spectra (CDCl3 solution, 20 °C) indicates the pre-
sence of only one tautomeric form, namely the enol,
confirmed by the resonance of the OH-proton at oy =
13.9.

After an acidic hydrolysis of the salt 1, the cyclic hemi-
ketal 3 was obtained in 82% yield (Scheme 1). Obviously, an
acyl-lactone rearrangement [4] takes place in this case,
involving an intermediary formation of 2 followed by hydro-
Iytic cleavage of the ester function and recyclization with
participation of trifluoroacetyl moiety. In agreement with
this assumption, compound 3 was obtained upon treatment
of the parent lactone 2 with aqueous HCI in 70% yield
(Scheme 1). The reaction proceeds stereospecifically in
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both cases; according to the NMR spectroscopic data, only
one diastereomer was formed. X-ray single crystal investi-
gation of 3 revealed a trans-relationship between carboxy-
and trifluoromethyl groups (Fig. 1). These groups occupy
equatorial positions of the cycle (for the structure of the
related compound see [5]). The pyran system shows a
“chair” conformation with C(2) and C(5) atoms deviating
from the plane of other ring atoms by —67.2 and 66.4 pm,
respectively. Hydrogen connected to O(2) is bonded via an
intramolecular hydrogen bond to the oxygen atom of the
carboxylic group [O(2)...0(4) 276.7(2) pm, /O-H-O
148(3)°].

It is noteworthy that 3 exists in the cyclic form not only in
the solid state but also in CDCl; and CD3;CN solutions.
Ring-chain tautomerism, being typical for related non-
fluorinated compounds [6], has not been observed for 3
by NMR spectroscopy in these solvents. Obviously, the
stability of the hemi-ketal form is caused by the electron-
withdrawing influence of trifluoromethyl group; the ten-
dency of highly electrophilic fluorinated ketones to form
stable tetrahedral adducts is well known [7]. Surprisingly, by
dissolving compound 3 in DMSO-dg at ambient tempera-
ture, spontaneous decarboxylation occurred to afford the

Fig. 1. Molecular structure of 3. Selected bond lengths (pm): O(1)-C(1)
139.7(2), C(1)-C(2) 153.9(3), C(2)-C(3) 154.0(3), C(2)-C(7) 150.7(3),
C(1)-0(2) 139.5(3), C(1)-C(6) 153.3(3); selected bond angles (°): C(6)-
C(1)-C(2) 111.0(2), C(7)-C(2)-C(1) 113.3(2), O(2)-C(1)-C(6) 108.6(2).

3-unsubstituted derivative 5 in quantitative '°’F NMR yield
(Scheme 1). Apparently, the key step of this reaction is the
intermediate formation of 1,3-ketoacid 4, facilitated by the
polar solvent. Compound 4 was detected in the reaction
mixture by 'H and '°F NMR spectroscopy [characteristic
resonances: oy = 3.39 (t, 2H, CH,, 3Jy_g = 6.6 Hz), 5.15
(t, 1H, C*H, 3u_n =176 Hz); 6 = —70.5 s]. It loses CO,
readily to give, via the subsequent recyclization, the cyclic
hemi-ketal 5 (Scheme 1). This decarboxylation is a smooth
process allowing a reaction on a preparative scale (24 h, 89%
isolated yield). On the base of NMR spectroscopy data,
pyran 5 exists in CDCl; as well as in DMSO-dg solution in
the cyclic hemi-ketal form only.

To summarize, a-trifluoroacetyl-d-valerolactone 2 was
synthesized using Claisen-type trifluoroacetylation of
d-valerolactone. The diastereospecific acyl-lactone rear-
rangement of compound 2 gave pyran 3, whose structure
was confirmed by X-ray analysis. Under unexpectedly
mild reaction conditions this product undergoes decarbox-
ylation to yield the corresponding 3-unsubstituted
cyclic hemi-ketal 5. It was found that the reaction
mechanism involves a ‘‘ring-opening—decarboxylation—
ring-closure’” sequence. A more detailed paper concerning
the structure and the properties of o-trifluoroacetyl-6-
valerolactone and other a-polyfluoroacylated lactones is
under preparation.

3. Experimental

Melting points are uncorrected. Mass spectra were carried
out on a MAT 8200 spectrometer. NMR spectra were
recorded in CDCl; solutions at 20 °C on a Bruker DPX-
200 spectrometer operating at 200.1 ('H) and 188.3 MHz
("°F). Chemical shifts (5) are given in ppm relative to TMS
for 'H, and relative to CFCl; for '°F. Diethyl ether was
distilled from sodium/benzophenone prior to use. Sodium
methoxide was prepared by dissolving sodium metal in dried
methanol followed by careful evaporation of the solvent
and gradual drying under reduced pressure (20-160 °C,
0.5 Torr). Other compounds are commercially available
and were used as purchased.

3.1. 3-Trifluoroacetyltetrahydropyran-2-one (2)

To a stirred suspension of sodium methoxide (54 g,
0.1 mol) in dried diethyl ether (40 ml) a solution of
d-valerolactone (10.0 g, 0.1 mol) and ethyl trifluoroacetate
(14.2 g, 0.1 mol) in Et,O (60 ml) was added dropwise within
30 min. The mixture was stirred for 24 h at room tempera-
ture, the precipitate (sodium enolate 1, ca. 17 g) was filtered
off and dried in air. Through a stirred suspension of 1 in dried
Et,0O (200 ml), dried HCI was bubbled within 2 h, then the
NaCl precipitate was filtered off. The filtrate was evaporated
under reduced pressure and the solid residue was recrystal-
lized from hexane:toluene (4:1) to afford 2 as colorless
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crystals (10.6 g, 54%), mp 43-48 °C. '"H NMR: § = 1.87-
1.99 (m, 2H, CH,), 2.54-2.69 (m, 2H, CH,); 4.37 (t, 2H,
CH,, 3Jy_u = 5.4 Hz), 13.94 (q, 1H, OH, *Jy_f = 2.1 Hz).
YF NMR: § = —69.58s. MS (EI, 70eV, m/z, species,
intensity, %): 196 (M", 30), 127 (M — CFs]", 100), 69
(CF5™, 25). HRMS: caled. for C;H,F;05 (M™): 196.0347.
Found: 196.0354.

3.2. 2-Hydroxy-2-trifluoromethyltetrahydropyran-3-
carboxylic acid (3)

(a) Starting from 1: to a stirred suspension of 1 (32.0 g,
0.15 mol) in THF (200 ml) conc. hydrochloric acid
(30 ml) was added. After stirring for 24 h at room
temperature the precipitated NaCl was filtered off, the
filtrate was evaporated on a rotatory evaporator and
water (100 ml) was added to the residue. The mixture
was extracted with CHCI; (4 x 20 ml), the combined
extracts were dried over MgSO, and evaporated to
dryness. The solid obtained after trituration of the oily
residue with hexane (20 ml) was recrystallized from
hexane:toluene (1:1) to afford 3 as colorless crystals
(25.8 g, 82%), mp 120-124 °C. Anal. Calcd. for
C,HoF30,4: C, 39.3; H, 4.2; F, 26.6. Found, %: C,
39.3; H, 4.2; F, 26.6. '"H NMR: 6 = 1.63-1.85 (m, 2H,
CH,), 1.89-2.21 (m, 2H, CH,), 291 (dd, 1H, CH,
3Ty = 12.0, 3Jy_y = 5.1Hz), 3.82-3.94 (m, 1H,
OCH,), 4.004.13 (m, 1H, OCH,), 5.3 (brs, 1H,
OH), 10.2 (br.s, 1H, COOH). '°F NMR: 6 = —86.21 s.

(b) Starting from 2: to a solution of 2 (1.0 g, 5 mmol) in
THF (20 ml) conc. hydrochloric acid (1 ml) was added.
After stirring for 20 h at room temperature all volatiles
were evaporated under reduced pressure, and the solid
residue was recrystallized to afford 3 (0.75 g, 70%).

3.3. X-ray analysis of compound 3

Colorless needles of 3 suitable for X-ray investiga-
tion were obtained from hexane:toluene (1:1) solution.
3: C;HyF304, M, =214.14, crystal size 0.50mm x
0.20mm x 0.15 mm, monoclinic, space group P2,/n,
a =561.20(10), b = 1473.5(3), ¢ =1097.9(2) pm, f =
101.73(3)°, V =0.8889(3) nm’, Z =4, deyc = 1.600 g
cm 3, absorption coefficient u = 0.167 mm~}, F (000) =
440. The measurement was performed using a STOE IPDS
diffractometer with low temperature device Oxford Cryo-
stream cooler (graphite-monochromated Mo-Ko radiation
(A=71.073 pm), T = —100 °C). From 8564 reflections
measured, 1658 were independent (Rj,, = 0.0514). The final
discrepancy factors R1 =0.0414 (I > 2¢(I)), wR2 =
0.1069 (F% all data), GOF 0.915; Op. = 26.1°, 137
parameters, largest difference peak and hole 0.246/
—0.166 ¢ A=>. The structure was solved by direct methods
and refined using the SHELX-97 program package [8]. All
non-hydrogen atoms were refined anisotropically (H(2) and

H(3) atoms were refined isotropically). The positions of
other hydrogen atoms were calculated as a riding model.
Crystallographic data have been deposited with Cambridge
Crystallographic Data Centre as supplementary publication
no. CCDC 220109".

3.4. 2-Hydroxy-2-trifluoromethyltetrahydropyran (5)

Acid 3 (7.0 g, 33 mmol) was dissolved in DMSO (60 ml)
and stirred at room temperature in a sealed flask for 24 h.
The solution was poured on ice (ca. 150 g), and then
extracted with Et,O (6 x 30 ml). The combined extracts
were additionally washed with water (2 x 15 ml) and dried
over MgSQ,. The solvent was distilled off (water bath), the
residual solvent was evaporated under reduced pressure:
first under ca. 15 Torr for ca. 20 min (the flask was cooled
with ice), then under 1 Torr for 1.5 h (the flask was cooled
to —30 °C) and finally under 1 Torr for ca. 10 min (the flask
was cooled with ice). The solid residue was sublimed
(1 Torr, temperature of bath ca. 50 °C) to afford § as a
white powder (5.0 g, 89%), mp 48-51 °C. Compound 5 is
considerably volatile at room temperature and should be
stored in a sealed flask. '"H NMR: § = 1.55-1.91 (m, 6H,
3CH,), 2.62 (s, 1H, OH), 3.78-4.00 (m, 2H, OCH,).
I9F NMR: 6 = —88.33s. MS (EL, 70 eV, m/z, species,
intensity, %): 170 (M*, 2), 153 ((M — OH]", 4), 101
(IM — CF;]", 33), 56 (C4,Hg ™", 100), 41 (CH,=CH-CH, ",
68). HRMS: calcd. for C¢HoF;0, (M1): 170.0555. Found:
170.0550.
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