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Tandem Michael-aldol reaction via 6-endo-dig cyclization of
ynone-chalcogenides: synthesis of 2-unsubstituted
3-(hydroxyalkyl)chalcogenochromen-4-ones
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Abstract—The reactions of 1-(2-methylchalcogenophenyl)propynone with aldehydes gave 3-(hydroxyalkyl)chalcogenochromen-4-
ones via the 6-endo-dig cyclization and aldol reaction. Selenochromen-4-ones were obtained in higher yields than the thiochromen-

4-ones. © 2002 Published by Elsevier Science Ltd.

The Morita—Baylis—Hillman reaction involves the o-
hydroxylalkylation and o«-aminoalkylation of Michael
acceptors by electrophilic carbonyl compounds or
imines in the presence of a nucleophilic catalyst such as
a tertiary amine or phosphine.! We have developed a
tandem Michael-aldol reaction of an active alkene with
aldehydes using a chalcogenide and TiCl, in order to
overcome a drawback to the Morita—Baylis—Hillman
reaction.”? Our method is advantageous because it pro-
ceeds much faster than the Morita—Baylis—Hillman
reaction, and the Morita—Baylis—Hillman products are
produced after treatment of the reaction mixtures with
DBU. Li and his co-workers reported similar reactions
using only TiCl,.> Very recently, we reported a new
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reaction involving the intramolecular Michael addition
of a chalcogenide group to an enone moiety.* Although
the Morita—Baylis—Hillman reaction goes through an
elimination reaction in the last step of the reaction and
cannot be applied to reactions of ynones with alde-
hydes, the reactions developed by Li’s group and us
proceed without the elimination step and can be used
for the reactions of ynones>® and acetylenic esters.® If
1-(2-methylchalcogenophenyl)propynone reacts with
aldehydes in the presence of BF;-Et,O, we can synthe-
size 3-(hydroxymethyl)chalcogenochromen-4-ones.
Modification at the position 3 of the 2-substituted
chromen-4-ones has been carried out by lithiation of
the chromen-4-ones with LDA followed by a reaction
with an electrophile.” When this method was employed
for thiochromen-4-ones and selenochromen-4-ones, the
3-substituted chalcogenochromen-4-ones or the ring-
opened acetylenic products were produced depending
upon the electrophile.® The reactions of the 2-unsubsti-
tuted chalcogenochromen-4-ones with 2 mol equiv. of
LDA formed the ring-opened dianions.® Although the
synthesis of 3-(hydroxymethyl)- and 3-(a-substituted
benzyl)chromen-4-ones has been published,” our
method could be useful for the synthesis of the 3-substi-
tuted chalcogenochromen-4-ones. On the other hand,
the first step of this reaction is an intramolecular
Michael addition with the 6-endo-dig cyclization, and is
interesting from the viewpoint of the Baldwin rule. It is
anticipated  that  the  cyclization of  1-(2-
methylchalcogenophenyl)propynone could follow two
pathways, i.e. the 6-endo-dig and/or 5-exo-dig ring
closure. Cyclization of the 1-(2-hydroxyaryl)-3-phenyl-
propynones using K,CO; in acetone predominantly
produced flavones (the Michael products), while the

0040-4039/02/$ - see front matter © 2002 Published by Elsevier Science Ltd.

PII: S0040-4039(02)01614-3



7040 T. Kataoka et al. / Tetrahedron Letters 43 (2002) 7039-7041

reaction using K,COj; in ethanol produced (Z)-aurones
(the anti-Michael products) as the major products.'®
Saito and his co-workers examined cyclization of 1-(2-
hydroxyphenyl)propynones under basic conditions
from the theoretical and experimental standpoints and
showed that the presence of a small amount of a proton
donor effecting the protonation of the chromene anion
intermediate was essential for the high 6-endo-dig selec-
tivity.!! The selenium analogues were cyclized in the
6-endo-dig mode under basic conditions.!?

In this paper, we report the new synthesis of 3-(hydroxy-
alkyl)chalcogenochromen-4-ones via the tandem
Michael-aldol reaction of ynone-chalcogenides using
BF;-Et,0. The reactions of p-nitrobenzaldehyde (1a)
and 2 mol equiv. of I1-(2-methylselanylphenyl)-
propynone (2) were conducted using 2 mol equiv.
of BF;Et,0 as a Lewis acid, because one mol equiv.
of BF;-Et,0 is consumed for formation of the alkoxy-
borane and the other becomes a counter anion (BF,")
of the onium salt after combination with the fluor-
ide liberated (see Scheme 1).* We first examined the
reaction conditions and the results are summarized in
Table 1. The highest yield (74%) of adduct 3a was
obtained from the reaction in CH,CI, at —20°C for 24
h (entry 7).!* The product 3a did not show the signals
due to the acetylenic proton and carbons and the
Se—Me group, but showed new signals due to an
olefinic proton at the position 2 and two olefinic car-
bons in the 'H and '*C NMR spectra.'* This indicated
that the 6-endo-dig ring closure took place and then the
methyl group was eliminated. The selenonium salt 6
should have been obtained as the product shown in
Scheme 1, but seclenochromen-4-one 3a was actually
produced.

Table 1. Reaction of 1-(2-methylselanylphenyl)propynone
with p-nitrobenzaldehyde

CHO
(0]
’ d\H
NO, SeMe

la 2 (2 mol equiv.)
BF3-Et;0 OH O
(2 mol equiv.)
X
dry MeCN, rt, time | P |
O2N Se
3a
Entry Time Yield (%)
1 5 min 3a (28)
2 30 min 3a (27)
3 3h 3a (40)
4 24 h 3a (47)
5 50 h 3a (42)
6* 24 h 3a (72)
7a.b 24 h 3a (74)

4 The reaction was conducted at —20°C.
b CH,CI, was used.

Demethylation of 6 would easily have occurred because
a boron Lewis acid coordinated with the carbonyl
group of the selenochromen-4-one 6 and the selenopy-
ranone ring was more positively charged. It is still not
clear how the methyl group was eliminated. To ensure
the generality of this reaction, the reactions of several
aldehydes with the ynone-selenide 2 were conducted
under conditions similar to those of entry 7 in Table 1.
Both aromatic and aliphatic aldehydes produced
adducts 3b-e in moderate yields (Table 2).

Next, the reactions of the sulfur congener, 1-(2-methyl-
sulfanylphenyl)propynone (7) were carried out (Table
3). Both aromatic and aliphatic aldehydes produced
adducts 8a—e in low to moderate yields. The yields of

Table 2. Reaction of 1-(2-methylselanylphenyl)propynone
with aldehydes

(e}
(0]
A X
R H H
SeMe
! 2 (2 mol equiv.)
BF3-Et,0 OH O
(2 mol equiv.)
D E——
-20°C, 24 h I
dry CH2C|2 Se
3
Entry R Yield (%)
1 p-CNCH, (1b) 3b (65)
2 p-CIC,H, (1¢) 3c (62)
3 Ph (1d) 3d (56)
4 PhCH,CH, (1e) 3e (58)

Table 3. Reaction of 1-(2-methylsulfanylphenyl)propynone
with aldehydes

! 7 (2 mol equiv.)
BF3-Et,O OH O
(2 mol equiv.)
—_—
-20°C, 24 h |
dry CH,Cl, S
8
Entry R Yield (%)
1 p-NO,C,H, (1a) 8a (56)
2 p-CNCH, (1b) 8b (36)
3 p-CIC,H, (1¢) 8c (28)
4 Ph (1d) 8d (42)
5 PhCH,CH, (1e) 8e (31)
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the sulfur products 8a—e were lower than those of the
selenium derivatives 3a—e. This would be attributable to
the higher nucleophilicity of the selenide over the
sulfide. In summary, this is the useful method for the
synthesis ~ of  2-unsubstituted  3-(hydroxyalkyl)-
chalcogenochromen-4-ones, the derivatives of which are
expected to show biological activity.!*

Acknowledgements

This research was partially supported by the Ministry
of Education, Culture, Sports, Science and Technology,
Grant-in-Aid for JSPS Fellows.

References

1. For reviews: Drewes, S. E.; Roos, G. H. P. Tetrahedron
1988, 44, 4653-4670; Basavaiah, D.; Rao, P. D.; Hyma,
R. S. Tetrahedron 1996, 52, 8001-8062; Ciganek, E. Org.
React. 1997, 51, 201-350; Langer, P. Angew. Chem., Int.
Ed. 2000, 39, 3049-3052.

2. (a) Kataoka, T.; Iwama, T.; Tsujiyama, S. Chem. Com-
mun. 1998, 197-198; (b) Kataoka, T.; Iwama, T.; Tsu-
jiyama, S.; Iwamura, T.; Watanabe, S. Tetrahedron 1998,
54, 11813-11824; (¢) Kataoka, T.; Kinoshita, H.; Iwama,
T.; Tsujiyama, S.; Iwamura, T.; Watanabe, S.; Muraoka,
O.; Tanabe, G. Tetrahedron 2000, 56, 4725-4731.

3. Li, G.; Wei, H-X.; Gao, J. J.; Caput, T. Tetrahedron
Lett. 2000, 41, 1-5.

4. Kataoka, T.; Kinoshita, S.; Kinoshita, H.; Fujita, M.;
Iwamura, T.; Watanabe, S. Chem. Commun. 2001, 1958—
1959.

5. (a) Wei, H.-X.; Kim, S. H.; Caput, T. D.; Purkiss, D. W.;
Li, G. Tetrahedron 2000, 56, 2397-2401; (b) Wei, H.-X_;
Gao, J. J.; Li, G. Tetrahedron Lett. 2001, 42, 9119-9122.

6. Kataoka, T.; Kinoshita, H.; Kinoshita, S.; Iwamura, T.;
Watanabe, S. Angew. Chem., Int. Ed. 2000, 39, 2358-
2360.

7. Costa, A. M. B. S. R. C. S.; Dean, F. M.; Jones, M. A_;
Varma, R. S. J. Chem. Soc., Perkin Trans. 1 1985,

11.

12.
13.

14.

799-808.

Detty, M. R.; McGarry, L. W. J. Org. Chem. 1988, 53,
1203-1207.

(a) Hofmann, H.; Salbeck, G.; Meyer, B. Chem. Ber.
1970, 103, 2084-2090; (b) Nakazumi, H.; Endo, T.;
Sonoda, H.; Kitao, T. J. Heterocyclic Chem. 1985, 22,
821-824; (c) Potonay, T.; Dinya, Z.; Lévai, A.; Molnar,
D. Tetrahedron 2001, 57, 2895-2907.

Garcia, H.; Iborra, S.; Primo, J.; Miranda, M. A. J. Org.
Chem. 1986, 51, 4432-4436.

Nakatani, K.; Okamoto, A.; Saito, 1. Tetrahedron 1996,
52, 9427-9446.

Sashida, H. Synthesis 1998, 745-747.

A typical example: To a stirred solution of p-nitrobenz-
aldehyde (75 mg, 0.5 mmol) and 1-(2-methylse-
lanylphenyl)propynone (223 mg, 1.0 mmol) was added
dropwise BF;-Et,O (127 pl, 1.0 mmol) at —20°C. The
mixture was stirred at the same temperature for 24 h, and
the reaction was quenched by the addition of saturated
aqueous NaHCO; (2 ml). The inorganic precipitate was
removed by filtration through Celite™, and the filtrate
was dried (MgSO,) and evaporated under reduced pres-
sure. The residue was purified by preparative TLC on
silica gel eluted with hexane-AcOEt (2:1, v/v) to give 3a.
3-|Hydroxy-(4-nitrophenyl)methyl]selenochromen-4-one (3a)
Yellow needles (acetonitrile/ether). Mp 168-169°C. IR
(KBr; cm™!) 3419 (OH), 1584 (C=0), 1517 and 1346
(NO,). '"H NMR (400 MHz; CDCl,) J: 4.10 (1H, brs,
OH), 6.03 (1H, s, benzylic H), 7.53 and 7.57 (each 1H, dt,
J=2and 7.8, ArH), 7.66 (2H, d, /=8.8, ArH), 7.68 (1H,
dd, J=2 and 7.8, ArH), 8.20 (2H, d, /=38.8, ArH), 8.31
(1H, s, olefinic H), 8.58 (1H, dd, J=2 and 7.8, ArH). 1*C
NMR (100 MHz; CDCl,) ¢: 74.4 (d), 123.6 (d), 127.4 (d),
128.1 (d), 128.6 (d), 130.5 (d), 131.7 (d), 132.6 (s), 136.0
(s), 137.0 (d), 138.1 (s), 147.3 (s), 149.0 (s), 181.0 (s). MS
(EI) m/z: 361 (M*, base). Anal. calcd for C,;H,;NO,Se:
C, 53.35; H, 3.08; N, 3.89. Found: C, 53.33; H, 3.11; N,
3.86%.

Sano, T.; Saijo, K.; Tomizawa, K.; Kameo, K.; Yoko-
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150893s.
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