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Abstract—Titanium tetrachloride mediated Baylis—Hillman reaction of aryl 1,2-diones with o,p-unsaturated ketones leads to the
formation of an interesting class of functionalized fused furans. © 2001 Elsevier Science Ltd. All rights reserved.

The Baylis—Hillman reaction is an emerging three-com-
ponent reaction involving the construction of a car-
bon—carbon bond between the a-position of activated
alkenes and carbon electrophiles under the catalytic
influence of tertiary amines, particularly DABCO, to
provide an interesting class of densely functionalized
molecules, which have been successfully employed in
the development of various stereoselective transforma-
tion methodologies.!™!! Fused furan derivatives consti-
tute an important class of molecule because of the
presence of this structural framework in various biolog-
ically active and natural products.'>'® Hence, the devel-
opment of a simple and convenient methodology for
the synthesis of these interesting fused furans has been,
and continues to be, an important synthetic endeavor in
organic chemistry.!'”?? In a continuation of our ongo-
ing research program in the development of new syn-
thetic transformations using Baylis—Hillman chem-
istry,®!! we herein report a convenient and simple
methodology for the synthesis of functionalized fused
furans via the reaction between aryl 1,2-diones and
alkyl vinyl ketones under the influence of titanium
tetrachloride.

Though various electrophiles have been extensively
used in the Baylis—Hillman coupling reaction, applica-
tion of aryl 1,2-diketones as electrophiles has not been
systematically explored so far.?* Qur attempts to use
phenanthrene-9,10-dione (aryl 1,2-dione) as an elec-
trophile in the DABCO catalyzed Baylis—Hillman cou-
pling with activated alkenes, such as acrylonitrile and
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methyl vinyl ketone, were unsuccessful. There has been
an increasing interest in recent years in the development
of new catalytic reagent systems, other than tertiary
amines, to perform the Baylis—Hillman construction of
carbon-carbon bonds.?*2¢ Recently, titanium tetra-
chloride mediated Baylis—Hillman couplings of alkyl
vinyl ketones with aldehydes and o-keto esters have
been described.?’?° It occurred to us that titanium
tetrachloride might mediate coupling between aryl 1,2-
diones and activated alkenes. Accordingly, we first car-
ried out the reaction of phenanthrene-9,10-dione 1a
with methyl vinyl ketone (mvk) under various condi-
tions. The best results were obtained when phenan-
threne-9,10-dione 1a (1 mM) was treated with mvk (3
mM) in the presence of titanium tetrachloride (1 mM)
in dichloromethane at room temperature for 3 h, which
provided  2-methylphenanthro[9,10-b]furan-3-carbox-
aldehyde 2 in 70% yield.*® The structure of this com-
pound was also confirmed by single-crystal X-ray
data®' (Fig. 1). The formation of the fused furan 2 is a
pleasant surprise to us in the sense that this is not the
usual Baylis—Hillman adduct. Encouraged by this re-
sult, we have carried out the reaction of representative
alk-1-en-3-ones with phenanthrene-9,10-dione la un-
der similar conditions thus providing a simple synthesis
of  2-alkylphenanthro[9,10-b]furan-3-carboxaldehydes
3-5 (Table 1 and Eq. (1)).
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Table 1. Syntheses of 2-alkylphenanthro[9,10-b]furan-3-car-
boxaldehydes and 2-alkylpyreno[4,5-b]furan-3-carboxalde-

hydesa,b

1, 2-Dione Enone Product Mp (°C) Yield® (%)
1a Methyl vinyl ketone 2¢ 183 70

la Ethyl vinyl ketone 3 136-138 62

la i-Butyl vinyl ketone 4 142-144 54

la n-Hexyl vinyl 5 80-82 45

ketone

1b Methyl vinyl ketone 6 154-156 43

1b Ethyl vinyl ketone 7 98-100 25

1b i-Butyl vinyl ketone 8 136-137 16

* All reactions were carried out on a 1 mmol scale (aryl 1,2-diones)
with enone (3 mmol) and TiCl, (I mmol) at room temperature for
3 h.

> All products (2-8) were obtained as solids and were characterized
by IR, '"H NMR (200 MHz), '3*C NMR (50 MHz), mass spec-
troscopy and elemental analyses.

¢ Yields of products (based on aryl 1,2-diones) after purification by
column chromatography (silica gel, 4% EtOAc in hexanes).

4 The structure of compound 2 was also confirmed by single-crystal

Figure 1. ORTEP diagram of compound 2.

X-ray data.
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Scheme 1.
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With a view to understanding the generality of the
reaction we have also examined the utility of pyrene-4,5-
dione 1b as an electrophile for coupling with alkyl vinyl
ketones, thus providing a simple procedure for the
preparation of the desired 2-alkylpyreno[4,5-b]furan-3-
carboxaldehydes 6-8 (Table 1 and Eq. (2)) in reasonable
yields. A possible mechanism (path A and B) for the
formation of the products is shown in Scheme 1.
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In conclusion, this methodology, for the first time,
describes the Baylis—Hillman reaction between aryl 1,2-
diones and alk-1-en-3-ones in the presence of titanium
tetrachloride, thus providing a new protocol for the
synthesis of functionalized fused furans.
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Spectral data for compound 2: IR (KBr): 1684 cm™'; 'H
NMR (200 MHz) (CDCl,): 6 2.91 (s, 3H), 7.57-7.86 (m,
4H), 8.25-8.38 (m, 1H), 8.63-8.82 (m, 2H), 9.32-9.43 (m,
1H), 10.40 (s, 1H); '*C NMR (50 MHz): J 13.45, 117.22,
120.46, 120.70, 121.10, 123.08, 123.19, 125.81, 126.53,
126.99, 127.17, 128.09, 128.57, 129.49, 148.50, 166.70,
184.65; m/z: 260 (m*); analysis calculated for C,4H,,0,: C,
83.06; H, 4.65; found: C, 83.12; H, 4.63. It appears that
in the '*C NMR spectrum two carbons have the same
chemical shift and hence we have observed 17 carbon
signals only.
Detailed X-ray crystallographic data is available from the
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK (for compound 2 CCDC
#144476). Crystal data for 2: empirical formula,
C,sH,,0,; formula weight, 260.28; crystal color, habit:
colorless, prism; crystal dimensions, 0.70x0.30x0.20 mm;
crystal system, orthorhombic; lattice type, primitive; lattice
parameters, a=6.7814 (19), b=10.525 (4), ¢c=17.668 (10)
A; V=1261.0 ) A3; space group, P2,2,2, (no. 19); Z=4;
Doyea=1.371 glem?; Fop=>544.00; (Mo K)=0.71073 A;
residuals: R=0.0451, R, =0.1133.



