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A Facile Synthesis of 2.4-Dialkoxy-, 2-Alkoxy-4-phenoxy-. and
2,4-Diphenoxy-6-trifluoromethyl-3,4-dihydro-2/i-pyrans.
Hetero-Diels-Alder Reactions of trans-g-Trifluoroacetylvinyl
Ethers with Various Vinyl Ethers

Masaru Hojo,* Ryoicht Masuda, Etsuji Okada
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Umiversity, Rokkodai, Nada, Kobe 657, Japan

2,4-Diaikoxy-, 2-alkoxy-4-shenoxy-, and 2.4-diphenoxy-6-trifluoro-
methyl-3,4-dihydro-2H-pyitns arc obtained i high yields by the
hetero-Diels-Alder reaction of frans-f-trifluoroacety ivinyl ethers with
various vinyl cthers under mild conditions.

Much attention is being paid to the biological activities of
fluorine-containing heterocycles for their poteatial use in the
medicinal and agricultural scientific field."* The formation of
dihydropyran systems by thermal cycloaddition reaction of
1, f-unsaturated carbonyl compounds with various olefins are
known.* 3 However, the synthesis of 3.4-dihvdro-2/{-pyrans
bearing a trilluoromethyl group, which may be expected to
show biological activities, has not yet been reported so far.
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During our investigations® on clectrophilic substitutions at
olefinic C-atoms it was found that vinyl ethers 1 react readily
with trifluoroacetic anhydride to give 2-alkoxyvinyl or 2-aryl-
oxyvinyl triftuoromethyl ketones 2 (trans-p-trifluoroacetylvinyl
ethers)” in almost quantitative yields. This trifluoroacetylvinyl
system appeared to be a useful heterodiene for the simple and
convenient preparation of CFj-containing dihydropyrans
which are hardly obtainable by other routes. This situation
prompted us to investigate the synthesis of the title compounds
3 by the hetero-Diels--Alder reaction of trans-f-triflucroacetyl-
vinyl ethers 2 with various vinyl ethers 1'.

The cycloaddition of heterodienes 2 with enes 1 proceeded
cleanly under mild conditions to afford 6-trifluoromethylated
3.4-dihydro-2 H-pyrans 3 in high yields.

The reaction of trans-(2-ethoxyvinyl) trifluoromethyl ketone
(2a) with ethyl, isobutyl, and 2-chloroethyl vinyl ethers 1" was
carried out without solvent in the presence of very small
amounts of hydroquinone at 80°C for 30 h to give mixtures of
cis- and 1rans-2 4-dialkexy-6-trifluoromethyl-3,4-dihydro-2 H-
pyrans 3a—c® in 89-100% yields. Although at higher temper-
ature (150°C) the reaction of 2a with ethyl vinyl ether was
completed within 6 h, the yield was reduced to 69 % owing to the
formation of decomposed materials. Similarly, frans-(2-
phenoxyvinyl) trifluoromethyl ketone (2b) reacted with ethyl
and phenyl vinyl ethers 1" to yield diastereoisomeric 2-ethoxy-
and 2-phenoxy-4-phenoxy-3,4-dihydro-2H-pyrans (3d and 3e)*
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Table. Hetero-Diels-Alder Reaction of Heterodienes 2a, b with Vinyl Ethers 17

Hetero-  Prod- Yield mp (°C)? Molecular IR (film)¢ 'H-NMR (CDCl,/TMS)*
diene uct® (%) (solvent) or Formula® Veoelem™Y) 8, J(Hz)
bp (“C)/mbar®
2a 3 93 705 CioH,sF50,4 1678 1.22,1.23,1.24 (31, 6H, J = 7.1, OCH,CH,): 1.93-2.25 (m.
(240.2) 2H, 3-H): 3.52-3.72 (m, 3H, 2- and 4-OCH,CH,): 3.86-
3.99 (m, 1H, 2-OCH,CH); 4.06--4.18 (br m, 1 H, 4-H): 5.17
(dd, 1H, J = 2.7, 6.1, 2-H); 5.63 (d, 1H, J = 3.4, H-5)
2a 3b 100 1004 CyaHoF50, 1686 0.91 [d, 6H, J = 6.7, CCH,CH(CH,), ] 1.21, 1.22 (2(, 3H.
(268.3) J=69, OCH,CH,); 1.79-224 [m, 3H, 3-H and
OCH,CH(CH,),]: 3.24-3.35 [m, 1H, OCH,CH(CH;),];
3.51-3.67 [m, 3H, OCH,CH and OCH,CH(CH,),]; 4.07-
4.24 (br m, 1H, 4-H); 5.12-5.16 (m, 1H, 2-H); 5.64 (d, 1 H,
J =24, 5-H)
2a 3¢ 89 il C,oH1.CIF,0,4 1680 122 (t, 3H, J = 7.0, GCCH,CH,); 1.94-2.27 (m, 2H, 3-H);
(274.6) 3.51-3.68 (m, 4H, OCH,CH, and CICH,CH,0); 3.77-3.88
(m, 1H, CICH,CH,0); 4.04-421 (m and br, 2H,
CICH,CH,0 and 4-H}; 5.21-5.26 (m, 1H, 2-H); 5.66-5.69
(m, 1H, 5-H)
b1y 3 72 1104 C,H,5F,04 1680 125 (t, 3H, J = 7.1, GCH,CH,); 2.10-2.37 (m, 2H, 3-H);
(288.3) 3.55-3.74. 3.87-4.00 (zm, 1 H cach, OCH,CH,); 4.88-4.96
(br m, 0.6H, 4-H): 4.99-5.10 (br m, 0.4H, 4-H); 5.26 (dd,
1H, J =3.1,49,2-H); 5.71 (d, 0.4H, J = 3.1, 5-H); 5.76 (d,
0.6H, J = 3.6, 5-H); 7.01-6.90 (m. 3H,.,): 7.26-7.32 (m,
2H.com)
2b 3¢ 771 C,sH, 5550, 1686 236 (ddd, 1H, J = 3.0, 6.2, 14.6, 3-H): 2.60 (dt, 1H, J = 3.9,
(r-hexane) (336.3) 14.6, 3-H); 4.95-5.09 (br m, 1H, 4-H); 5.87 (dd, 1H,J = 3.0,
3.9, 2-H); 5.89 (d, 1H, J = 3.5, 5-H); 6.96-7.11 (m, 6 H,pop):
7.27-7.35 (m, 4H, )
2a 3 68 1002 CroH1:F30;4 1685 123 (1, 3H, J=70, OCIH,CH,): 185-2.14 (m, 2H.
(238.2) OCH,CH,CH); 2.72-2.85 (br m, 1 H, 3-H); 3.58, 3.59 (2q.

@ Uncorrected, measured by capillary.

> Oven temperature of Kugelrohr distillation.

¢ Satisfactory microanalyses obtained (except for 3¢):'* C 4.0.34,
H +0.14, F +0.41.

4 Recorded on a Hitachi Model EPI-G3 grating spectrophotometer.

2H, J =70, OCH,CHj;); 3.96-4.06, 4.17-4.25 2m, 1H
cach, OCH,CH,CH); 4.45-4.53 (br m, 1H, 4-H); 5.45 (br s,
1H, 5-H); 5.67 (d, 1H. J = 3.9, 2-H)

¢ Measured using « BRUKER AC 250 spectrometer at 250 MHz.
Spectral data of cis/trans mixtures are listed except for 3e for which
those for the cis-adduct are given.

' cis-Isomer.
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in 72 % and 77 % yields, respectively. The reaction of 2a with the
cyclic vinyl ether 2,3-dihydrofuran under the same conditions
afforded diastereoisomers of 4-ethoxy-6-trifluoromethyl-
2.3,3a,7a-tetrahydro-4H-furo[2,3-bJpyran® (3f) in 68 % yield.
These results demonstrate that this cycloaddition proceeds
regioselectively to give 2,4-dialkoxydihydropyran derivatives as
the sole products without formation of the 3,4-dialkoxy regio-
isomers; however, the reaction does not proceed stereoselec-
tively. It is worthy of note that the present hetero-Diels -Alder
reaction proceeds at much lower temperature and in higher
yields in contrast to the few reported cases®!” of cycloaddition
of vinyl ethers to f-alkoxy-a,fi-unsaturated carbonyl com-
pounds. For example, it has been reported that 3-methoxy-
propenal (4) reacted with methyl vinyl ether at 240 °C to afford,
in 60% yield, both diastereoisomers of 2,4-dimethoxy-3,4-
dihydro-2H-pyran in an unstated ratio.® Another report showed
that the reaction of 4-methoxy-3-buten-2-one (5) with isobutyl
vinyl ether proceeded considerably slower even at 190-240°C
(24 h) to give a mixture of ¢is and trans adducts of 2-isobutoxy-4-
methoxy-6-methyl-3.4-dihydro-2 H-pyran in a ratio of 55: 45,
conversion not exceeding 45%.'" The observed difference in
reactivities between 2 and the above-mentioned nonfluorinated
compounds 4 and 5 is undoubtedly due to the presence of the
powerful electron-withdrawing CF, group in place of H or CH,
on the carbonyl C-atom of the o, ff-unsaturated carbonyl system,
by which the electron density is reduced considerably.'! Utiliza-
tion of compounds 3a-f as synthetic intermediates for the
preparation of various CF y-containing compounds is now under
investigation.

Cycloaddition of Compounds 2a, b with Vinyl Ethers I; Typical
Procedure:

A mixture of 2a (6.39g, 38.0mmol), ethyl vinyl ether (8.23 ¢,
114.1 mmol), and hydroquinone (41.8 mg, 0.38 mmol) is heated in a
scaled ampoule at 80°C for 30 h. Removal of the excess ethyl vinyl ether
and Kugelrohr distillation (oven temperature 70°C/5mbar) of the
crude oil afford pure 24-diethoxy-6-trifluoromethyi-3 4-dihydro-2 H-
pyran (3a); yield: 8.49 ¢ (93 %).

CyoH,sF305 cale. C50.00 H6.29 F23.73

(240.23 found  49.75 6.27 2343
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