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Abstract — New 1,1,1,5,5,5-hexafluoro-3-[(E)-3-arylallylidene]pentane-2,4-
diones were synthesized in moderate to high yields by the ring-opening reaction
of 1-(2-ethoxy-4-isobutoxy-6-trifluoromethyl-3,4-dihydro-2H-pyran-5-yl)-

2,2,2-trifluoroethanone with aromatic compounds in refluxing trifluoroacetic acid.

The carbon-carbon bond formation has been one of the most significant and challenging subjects in
organic chemistry. So, new methodologies for carbon-carbon bond forming reactions are of
considerable interest in the field of organic synthesis.’? On the other hand,
3-allylidenepentane-2,4-diones and 2-allylidenepropane-1,3-diones are valuable building blocks for the
synthesis of various heterocycles. It has been reported that the reaction of
3-allylidenepentane-2,4-diones with hydroxylamine give isoxazole, isoxazolone and 1,2-oxazepine
derivatives. Moreover, the syntheses of 3H-[1,2]dithioles,” pyrazolines® and dihydrofurans’ from
various  2-allylidenemalonates have been reported. 2-(3-Amidoallylidene)malonates  and
2-(3-aminoallylidene)malonates are also known to undergo intramolecular cyclization reaction to give the

corresponding pyridines or pyridones.® Previously, we reported that the ring-opening reactions of
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fluorine-containing dihydropyran derivative 2, which was easily prepared by the hetero Diels-Alder
reaction of bis(trifluoroacetyl)vinyl ethers 1 with ethyl vinyl ether,” with amines and sodium
ethanethilolate afforded the corresponding 4,4-bis(trifluoroacetyl)-1,3-butadienylamines 3% and
4,4-bis(trifluoroacetyl)-1,3-butadienyl ethyl sulfide 4**, respectively (Scheme 1).
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In this communication we wish to report a very facile and convenient synthetic method for
4.,4-bis(trifluoroacetyl)-1,3-butadienylated aromatic compounds 5 through the acid-catalyzed Cs-unit
introduction to aromatic rings by making use of fluorine-containing dihydropyran derivative 2. Possibly,
these new fluorinated 3-allylidenepentane-2,4-diones 5 can serve as versatile building blocks for the
construction of CF3 -containing heterocycles, which may be expected to show interesting biological
activities.***

The results of the present 4,4-bis(trifluoroacetyl)-1,3-butadienylation reaction of aromatics are shown in
Scheme 2 and summarized in Table 1. Reaction of 2 with monosubstituted benzenes, anisole (3
equiv.), easily proceeded in refluxing trifluoroacetic acid within 15 min to give 5a,
4.,4-bis(trifluoroacetyl)butadienylated only at the p-position, in 66% vyield (entry 1). Thioanisole also
exhibited almost the same reactivity with anisole to afford the desired 5b in 55% vyield (entry 2).
Reaction of 2 with 1,3-disubstituted benzenes, for example, 1-methoxy-3-methylbenzene under the same
conditions provided a mixture of two kinds of regioisomers 5c¢ (or 5¢”) and 5¢’ (or 5c) in 42% and 21%
yields, respectively (entry 3). Separation of the mixtures into 5¢c and 5c¢’ was easily performed by

column chromatography. In contrast to this, 4,4-bis(trifluoroacetyl)butadienylation reactions with
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Table 1 Synthesis of 1,1,1,5,5,5-hexafluoro-3-[(E)-3-arylallylidene]pentane-2,4-diones (5a-h)

Entry  Compound R! R? R R? Product Yield (%)

1 5a H H OMe H 5a 66

2 5b H H SMe H 5b 55

ch 5¢ OMe H Me H 5cor5c’ 42
5c’ Me H OMe H 5¢c’ or 5¢ 21

4°¢ 5d H Me OMe H 5d or 5d’ 67
5d’ H OMe Me H

5 Se H OMe OMe H Se 72

6° 5f Me H OMe OMe 5f or 5f’ 89
5f°’ OMe OMe H Me

7 50 - - OMe - 50 51

8 5h - - - - 5h 50

% Isolated yield.

® Two kinds of regioisomers 5c and 5¢’ were formed and each of them was separated by column
chromatography. The regiochemical structure was not determined.

¢ Either of regioisomers was formed and the regiochemical structure was not determined.

1,2-disubstituted benzenes such as 1-methoxy-2-methylbenzene and 1,2-dimethoxybenzene took place
regioselectively to give the corresponding single isomers 5d (or 5d”) and 5e, respectively, in good yields
(entries 4 and 5). Similarly, trisubstituted benzenes, for example, 1,2-dimethoxy-4-methylbenzene
reacted cleanly with 2 to afford the corresponding single regioisomer 5f (or 5f”) in 89% yield (entry 6).
It was, moreover, found that this type of 4,4-bis(trifluoroacetyl)-1,3-butadienylation had application to
other aromatic compounds, as 1-methoxynaphthalene (naphthalenes) and thiophene (heteroaromatics), to
provide 5g and 5h in moderate yields (entries 7 and 8).

A possible pathway for the formation of 5 is depicted in Scheme 3. Elimination of alcohols from 2 by
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trifluoroacetic acid occurs first to form pyrylium I, electrophilic substitution of aromatic compounds

(ArH) with 1 gives 2H-pyran 11, and finally 11 undergoes electrocyclic ring-opening reaction to afford 5.
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The stereochemistry of all compounds 5a-h was determined on the basis of *H-NMR spectral data. The
large coupling constant Jcn-cn (11-14 Hz) suggests the E configuration. The regiochemical structure on
benzene ring of 5¢/5¢’, 5d/5d” and 5f/5f” was not determined.

In conclusion, we have developed a very simple method for the introduction of fluorine-containing
Cs-unit, 4,4-bis(trifluoroacetyl)-1,3-butadiene system, to aromatic rings and the novel fluorinated
3-(3-arylallylidene)pentane-2,4-diones 5, which are not easily accessible by other methods, have been
synthesized in one step by utilizing the acid-catalyzed ring-opening reaction of CF;- containing
dihydropyran derivative 2 with aromatics. Further work is under progress in our laboratory on the

synthetic application of 5 to the fluorine-containing heterocycles of potentially biological importance.
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A typical experimental procedure for the synthesis of 5¢ and 5¢”: To a mixture of 2° (437 mg, 1.2

mmol) and 1-methoxy-3-methylbenzene (440 mg, 3.6 mmol) was added trifluoroacetic acid (2 mL)

and this solution was stirred at reflux temperature for 15 min. The mixture was washed with 10%

ag. Na,COs (30 mL) and H,0O (30 mL), extracted with CH,Cl, (30 mL) and dried (Na,SO4). The

solvent was removed under reduced pressure and the crude mixture was chromatographed on silica

gel column using n-hexane/benzene (1:1) as eluent to give 5c [yield: 184 mg (42 %)] and 5¢’ [yield:

94 mg (21 %)]. 5c: mp 58-59 °C (n-hexane/benzene); IR (KBr): v c-o = 1689 cm™; 'H NMR

(CDCl3): 8 7.63 (d, 1H, J = 12.0 Hz, HC=C(COCFs3)), 7.48 (d, 1H, J = 12.0 Hz, =CHA), 6.88 (dd,

1H, J=12.0, 12.0 Hz, -CH=CHAr), 6.67 (d, 1H, J = 6.4 Hz, H-6 in Ar), 6.63 (d, 1H, J = 6.4 Hz, H-5

in Ar), 6.58 (s, 1H, H-3 in Ar), 3.74 (s, 3H, OCH3), 2.38 (s, 3H, CHs); Anal. Calcd for CygH12F¢Os3:

C, 5247; H, 3.30; F, 31.12. Found: C, 52.47; H, 3.28; F, 31.26. 5¢’: mp 93-94 °C

(n-hexane/benzene); IR (KBr): v c-o = 1682 cm™; *H NMR (CDCls): § 7.64 (d, 1H, J = 12.0 Hz, HC
C(COCFy3),), 7.56 (d, 1H, J = 13.0 Hz, =CHAr), 7.23 (dd, 1H, J = 12.0, 13.0 Hz, -CH=CHA),

7.23 (d, 1H, J = 8.0 Hz, H-6 in Ar), 6.66 (d, 1H, J = 8.0 Hz, H-5 in Ar), 6.59 (s, 1H, H-3 in Ar), 3.81

(s, 3H, OCHg3), 2.35 (s, 3H, CH3); Anal. Calcd for C16H1,F603: C, 52.47; H, 3.30; F, 31.12. Found:

C, 52.52; H, 3.30; F, 31.42.



