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Abstract

The regiochemistry of the acylation of enol ethers, generated in situ, from acetals of unsymmetrical ke-
tones is reported. These results demonstrate a convenient one-pot method to obtain a series of B-methoxyvinyl
trichloromethyl ketones [CCl;COCH=C(OMe)R, where R=Et, n-Bu, i-Pr, (CH;),C(OMe)=CHC(O)CC]; and
(CH;)sCO,CH3)] in high yields. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

The haloacetylation of acyclic enol ethers described elsewhere!-? and by our research group,? affords
B-alkoxyvinyl halomethyl ketones or B-diketones, which have been used as precursors for the synthesis
of 5-, 6- and 7-membered heterocycles.*¢ Enol ethers, prepared from ketone or aldehyde acetals,’1°
are precursors for B-alkoxyvinyl halomethyl ketones. The isolation of these enol ethers is a tedious
process and in some cases, (e.g., those derived from unsymmetrical ketones) a mixture of enol ethers
is obtained. Furthermore, the presence of traces of acids in the reaction results in the polymerization or
hydrolysis of enol ethers ? Recently, the acylation of the enol ethers generated in situ from the respective
acetal of propanone,? acetophenone? or cyclohexanone,? as an alternative one-pot procedure to obtain
B-alkoxyvinyl halomethyl ketones was reported?> with great advantages over the direct acylation of enol
ethers. This reaction was carried out using the acetal and the acylating agent in a molar ratio of 1:2,
respectively, in order to generate the enol ether in situ followed by its acylation.

Thus, the possibility of obtaining trichloromethyl-substituted heterocycles>> and the transformation
of this group into carboxyl groups (under mild conditions)* prompted us to pay special attention to the
synthesis of a series of B-alkoxyvinyl trichloromethyl ketones. The aim of this work is: (i) to study
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the regiochemistry of the acylation of enol ethers, generated in situ, from the acetals of unsymmetrical
ketones; and (ii) to develop a general procedure to synthesize, regiospecifically, a series of $-alkoxyvinyl
trichloromethyl ketones (2a—e, Scheme 1).

CCLCOCI

OM
CsHsN, CH,Ch €
Me0><0Me 0-300C, 12 hours Rl
R CH} 85-96 % - CCh
1a-e 2a-e
a b ¢ d e
R -(CH3)2C(OMe)CH3
Et n-Bu i-Pr -(CH3)5CO,CH3
RI -(CH3)2C(OMe)=CHC(0)CCl3
Yield 96 90 85 87 86
(%), 2
Scheme 1.

2. Discussion

The methyl ketone acetals 1a—e were synthesized from the reaction of the respecti\}e ketone with
trimethy! orthoformate in the presence of p-toluenesulfonic acid.? The acylation of compounds 1a—e with
trichloroacetyl chloride in pyridine and dichloromethane as solvent was carried out in a molar ratio 1:2:2
(for 1d, 1:4:4), respectively. Two equivalents of trichloroacetyl chloride per acetal was necessary to obtain
the B-alkoxyvinyl trichloromethyl ketones since one molecule of the acylant promotes the acylation and
the second molecule traps the alkoxy group liberated by the acetal. The reaction was monitored by HPLC
and the most satisfactory reaction time was found to be 12 hours at room temperature (25-30°C).

The regiospecificity of the reaction on the methyl carbon of 1a—e is achieved under kinetic control. For
the conditions used, only the kinetic enol ether is generated and reacts with the strong acylating agent
present in the medium. The compounds 2a-e present the E-configuration. The isomer configurations
assigned were based on 3Jcs y3 coupling constants and X-ray data of similar compounds.!! Selected
physical and spectral data of compounds 2a—e are presented in Table 1.

Unless otherwise indicated all common reagents and solvents were used as obtained from commercial
suppliers without further purification. Elemental analysis was carried out on an Elemental Analysensyst-
eme Vario EL apparatus. 'H and 1*C NMR spectra were recorded on a Bruker DPX-400 ('H at 400.13
MHz and 3C at 100.62 MHz), 298 K, digital resolution +0.01 ppm, 0.5 M in chloroform-d;/TMS. IR
spectra were obtained on a Perkin—~Elmer 599-B.

2.1. B-Alkoxyvinyl trichloromethyl ketones 2a—e: general procedure

To a stirred solution of acetals 1a—e (30 mmol) and pyridine (60 mmol) in 30 ml of dichloromethane
kept at 0°C a solution of trichloroacetyl chloride (60 mmol) was added dropwise. The mixture was



Table 1
Selected physical and spectral data of 2a—e
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Pro- Molecular Elemental b.p./Torr IR (film)
duct Formula Analysis (%) o) v(eml) 4 3¢
C H 8 8
caled. / found

2a C7HoCl307  36.32 3.92 87-89/0.4 1765, 1695, 5.92 (s, H3), 97.4 (C1),179.2
231.50 36.59 4.03 1580 2.80 (q, HS) (C2), 88.7 (C3),
377(s,OMe)  184.1 (C4),262

(C5), 55.6 (OMe)
2b CgHy3Cl30p 41.65 5.05 115/0.4 1765, 1700, 5.96 (s, H3), 98.1 (C1), 180.0
259.56 41.59 4.83 1575 2.78 (t, HS) (C2), 89.7 (C3),
3.79(s,OMe) 184.1(C4),33.2

(C5), 55.2 (OMe)
2¢  CgHyCli0Op 39.13 4.52 125-126/0.4 1780, 1695, 5.97 (s, H3), 97.5(C1),178.9
245.53 39.28 4.58 1570 3.95 (sept, H5), (C2), 87.7(C3),
3.88 (s, OMe) 186.6 (C4),29.9

(C5), 55.6 (OMe)
2d CjpH1pClgO4 3329  2.79 oil 1700, 1590 595 (s,H3),  97.2(Cl),179.1
43294 33.58 2.85 3.09 (s, HS) (C2), 89.9 (C3),
3.77 (s, OMe) 180.5 (C4), 29.3

(C5), 55.8 (OMe)
2e CjpH(7Cl304 43.46 5.17 oil 1760, 1575  5.90 (s, H3), 97.9 (C1), 180.0
331.62 43.66 5.19 2.78 (t, H5) (C2), 89.8 (C3),
3.80(s,OMe) 183.6(C4),33.2

(C5), 55.3 (OMe)

stirred for 12 h at room temperature (25-30°C). The mixture was washed with a solution of hydrochloric
acid 0.1 N (once) and water (three times). The organic layer was dried with sodium sulfate, the
solvent was removed by rotary evaporation and the product was purified by either distillation (2a) or
chromatographically (2b—e) with silica gel 60, in a 30 cm column and hexane:chloroform (1:1) as eluent
(see Table 1).

Acknowledgements

The authors thank the Conselho Nacional de Desenvolvimento Cientifico e Tecnol6gico
(CNPg/PADCT), Fundagdo de Amparo & Pesquisa do Estado do Rio Grande do Sul (FAPERGS)
for financial support. The fellowships from CNPq, CAPES and FAPERGS are also acknowledged.

References

1. Effenberger, F.; Schonwiilder, K.-H. Chem. Ber. 1984, 117, 3270. Effenberger, F.; Maier, R.; Schonwiilder, K.-H.; Ziegler,
T. Chem. Ber. 1982, 115, 2766. Effenberger, F. Angew. Chem., Int. Ed. Engl. 1969, 8, 295.



4312

10.
1.

. Hojo, M.; Masuda, R.; Kokuryo, Y.; Shioda, H.; Matsuo, S. Chem. Lett. 1976, 499. Hojo, M.; Masuda, R.; Okada, E.

Synthesis 1986, 1013. Hojo, M.; Masuda, R.; Sakagushi, S.; Takagawa, M. Synthesis 1986, 1016.

. Martins, M. A. P; Colla, A.; Clar, G.; Fischer, P.; Krimmer, S. Synthesis 1991, 6, 483. Martins, M. A. P; Siqueira, G. M.;

Flores, A. FE. C.; Clar, G.; Zanatta, N. Quimica Nova 1994, 17, 24. Martins, M. A. P; Flores, A. F. C.; Siqueira, G. M.;
Freitag, R.; Zanatta, N. Quimica Nova 1994, 17, 298,

. Martins, M. A. P; Zoch, A. N.; Bonacorso, H. G.; Zanatta, N.; Clar, G. J. Heterocyclic Chem. 1995, 32, 739. Martins, M.

A. P; Flores, A. E C.; Freitag, R. A.; Zanatta, N. J. Heterocyclic Chem. 1995, 32, 731. Martins, M. A. P.; Flores, A. F.
C.; Freitag, R. A.; Zanatta, N. J. Heterocyclic Chem. 1996, 33, 1223. Martins, M. A. P; Siqueira, G. M.; Bastos, G. P.;
Zanatta, N. J. Heterocyclic Chem. 1996, 33, 1. Martins, M. A. P; Freitag, R. A.; Flores, A. F. C.; Zanatta, N. Synthesis
1995, 1491. Martins, M. A. P.; Braibante, M. E. F,; Clar, G. J. Heterocyclic Chem. 1993, 30, 1159,

. Zanatta, N.; Pacholski, 1. L.; Blanco, I.; Martins, M. A. P. J. Braz. Chem. Soc. 1991, 2, 118. Zanatta, N.; Madruga, C.

C.; Clerici, E.; Martins, M. A. P. J. Heterocyclic Chem. 1995, 32, 735. Zanatta, N.; Cortelini, M. F. M.; Carpes, M.
1. S.; Bonacorso, H. G.; Martins, M. A. P. J. Heterocyclic Chem. 1997, 34, 509. Bonacorso, H. G.; Bittencourt, S. T.;
Wastowski, A. D.; Wentz, A. P.; Zanatta, N.; Martins, M. A. P. Tetrahedron Lett. 1996, 37, 9155. Zanatta, N.; Fagundes,
M. B.; Ellensohn, R.; Bonacorso, H. G.; Martins, M. A. P. J. Heterocyclic Chem. 1998, 35, 451.

. Moriguchi, T,; Endo, T.; Takata, T. J. Org. Chem. 1995, 60, 3523.
. Wohl, R. Synthesis 1974, 38; Roelofsen, D. P.; vann Bekkum, H. Synthesis 1972, 419. Watanabe, W. H.; Conlon, I. E. J.

Am. Chem. Soc. 1957, 79, 2828.

. House, H. O.; Kramar, V. J. J. Org. Chem. 1963, 28, 3362. House, H. O. Modern Synthetic Reactions; 2nd ed.; W. A,

Benjamin: Menlo Park; pp. 459-478.

. Fischer, P. Enol Ethers— Structure, Synthesis and Reactions, in The Chemistry of Functional Groups; Supplement E, Part

2; Wiley Interscience, 1980.

Cazeaw, P.; Moulines, F.; Laporte, O.; Duboudin, F. J. Organometallic Chem. 1980, C9-C13, 201.

Fischer, P.; Clar, G.; Colla, A.; Martins, M. A. P. Quimica Nova 1988, 11, 348. Siqueira, G. M. PhD Thesis, Departamento
de Quimica, Universidade Federal de Santa Maria, Brazil, 1999.



