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Chiral quaternary ammonium phenoxides derived from
cinchona alkaloids were easily synthesized and were effectively
employed in the tandem Michael addition and lactonization
between «,f-unsaturated ketones and a silyl enolate derived
from phenyl isobutyrate, and optically active 3,4-dihydro-
pyran-2-ones were afforded in high yields with high enantiomer-
ic excesses.

It was recently reported from our laboratory that a conven-
ient one-pot preparation of 3,4-dihydropyran-2-ones was achiev-
ed by Michael addition and successive lactonization between
various o, B-unsaturated ketones and silyl enolates derived from
phenyl carboxylates in the presence of a catalytic amount of
tetrabutylammonium phenoxide.! In this reaction, a phenoxy
group contained in the silyl enolate behaves as an effective
leaving group to facilitate intramolecular cyclization of in situ
formed Michael-adduct, and the liberated phenoxide ion works
also as a Lewis base catalyst to activate the silyl enolate. In order
to further demonstrate the synthetic utility and versatility of the
phenoxide ion-catalyzed tandem Michael addition and lactoni-
zation, enantioselective synthesis of 3,4-dihydropyran-2-one
derivatives by using chiral quaternary ammonium phenoxides
was planned. Chiral quaternary ammonium halides have been
widely employed as catalysts in synthetically useful stereoselec-
tive carbon—carbon bond forming reactions and many excellent
catalytic asymmetric reactions have been developed in accord-
ance with the advancement of new effective catalysts.” However,
usefulness of the chiral quaternary ammonium phenoxides in
synthetic reactions has not been fully investigated yet.? In this
communication, we would like to report on the use of chiral qua-
ternary ammonium phenoxides in the catalytic tandem Michael
addition and lactonization between ¢, 3-unsaturated ketones and
a silyl enolate derived from phenyl isobutyrate to form optically
active 3,4-dihydropyran-2-one derivatives.

In the first place, cinchonidine, a commercially available
and inexpensive reagent, was chosen as a chiral source since
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the quaternary ammonium halides derived from cinchona
alkaloids have proved to be effective as chiral phase-transfer
catalysts.2 As shown in Scheme 1, cinchonidine-derived chiral
quaternary ammonium phenoxides 1 were prepared from the
quaternary ammonium halides,? which were first transformed
into the corresponding quaternary ammonium hydroxides by
an anion exchange using Amberlyst A-26 (OH™) in methanol,
and then the ammonium hydroxide intermediates were treated
with phenol (1.0 equiv.). The resulted mixture was co-evaporat-
ed with benzene three times, and crystallization of the residue
from diethyl ether afforded pale yellow solids, which were
collected by filtration and dried under reduced pressure to give
the N,0-diarylmethylated cinchonidinium phenoxides 1.#

Next, reaction of chalcone 2a with trimethylsilyl (TMS)
enolate 3 was carried out in THF at —78 °C for 1 h in the pres-
ence of 10mol % of chiral quaternary ammonium phenoxides
1 (Table 1). For the initial screening of the catalysts, effects of

Table 1. Effects of catalysts

o OSiMes Catalyst 1 Ph o. _O
. P (10 mol %) \ .
PhMPh \(Loph THF, -78 °C, 1 h
Ph
2a 3 (1.6 equiv.) (+)-5a
Entry Catalyst Yield*/% % ee®
1 1a: Ar' = Ph, A2 = Ph 96 2
2 1b: Ar' = 4-CF;-CgH,, Ar® = Ph 99 4
3 1lc: Ar! = 3,5-(+-Bu),-C¢Hs, Ar> = Ph 96 12
4 1d: Ar' = 1-Naphthyl, Ar> = Ph 93 16
5 le: Ar' = 2-Naphthyl, Ar’> = Ph 96 27
6 1f: Ar' = 9-Anthracenyl, Ar> = Ph 94 78
79 1f: Ar' = 9-Anthracenyl, Ar> = Ph 12 76
8 1g: Ar' = 9-Anthracenyl, Ar> = 4-Me-CsH,4 89 77
9  1h: Ar' = 9-Anthracenyl, Ar> = 4-MeO-C¢H, 87 64
10 1i: Ar' = 9-Anthracenyl, Ar> = 4-CI-C¢H, 95 81
11 1j: Ar! = 9-Anthracenyl, Ar? = 4-NO,-C¢H. 96 88
12 1k: Ar! = 9-Anthracenyl, Ar? = 3,5-(CF3),-C¢Hs 98 89
13¢ 1k: Ar' = 9-Anthracenyl, Ar? = 3,5-(CF3),-C¢Hj 98 90
14 11: Ar' = 9-Anthracenyl, Ar? = 3,5-(CF3),-C¢Hj 96 85¢

Tsolated yield. PEnantiomeric excess of 5a was determined by HPLC analysis
using a chiral column (DAICEL Chiralcel OD-H) with hexane/2-propanol as a
solvent. “Catalyst (5 mol %) was used. Reaction was carried out 6 h. ¢Opposite
enantiomer (—)-5a was obtained.
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the N(1)-arylmethyl substituents (Ar') were examined (Entries
1-7). When the catalyst 1a having a simple phenyl group was
used, the reaction proceeded smoothly to afford the desired
3,4-dihydropyran-2-one 5a in 96% yield, but the enantioselectiv-
ity of the product was very poor (only 2% ee) (Entry 1). Intro-
duction of bulky substituents such as a 3,5-di-fert-butylphenyl
group (1c), a 1-naphthyl group (1d), or a 2-naphthyl group
(1e) to Ar' enhanced the enantioselectivities slightly (Entries
3-5). When the catalyst 1f having more sterically-hindered 9-an-
thracenylmethyl group®® at the quinuclidine nitrogen atom was
employed, the enantiomeric excess of 5a increased up to 78%
ee (Entry 6). In order to further improve the enantioselectivity
of this reaction, effects of the C(9)O-arylmethyl substituents
(Ar?) were examined next (Entries 8—13). Use of the catalysts
having electron-donating substituents such as a 4-methylphenyl
group (1g) or a 4-methoxyphenyl group (1h) led to a slight
decrease in the enantioselectivities of 5a (Entries 8 and 9). On
the other hand, use of the catalysts having electron-withdrawing
substituents such as a 4-chlorophenyl group (1i) or a 4-nitro-
phenyl group (1j) increased the enantioselectivities slightly
(Entries 10 and 11). Further structural modification of Ar’ by
introducing a strongly electron-withdrawing 3,5-bis(trifluoro-
methyl)phenyl group (1k) improved not only the enantioselec-
tivity but also the catalytic activity, and Sa was obtained in
98% yield with 90% ee even when the amount of the catalyst
was reduced to 5 mol % (Entry 13). It was also found that the op-
posite enantiomer of the 3,4-dihydropyran-2-one was accessible
if the pseudoenantiomeric cinchonine-derived catalyst 11 was
used (Entry 14).

Then, reactions of TMS enolate 3 with various ¢, 3-unsatu-
rated ketones 2 were tried by using 5Smol % of cinchonidine-
derived catalyst 1k [Ar! = 9-anthracenyl, Ar? = 3,5-bis(tri-
fluoromethyl)phenyl]® in THF at —78°C (Table 2).” In most
cases, the reactions proceeded smoothly to provide the corre-
sponding 3,4-dihydropyran-2-ones 5 in high yields with high
enantiomeric excesses.

Thus, a new and efficient method for the synthesis of opti-
cally active 3,4-dihydropyran-2-one derivatives was established
by the tandem Michael addition and lactonization between

Table 2. Enantioselective synthesis of 3,4-dihydropyran-2-
ones by using cinchonidine-derived catalyst 1k

OSiMes RL_0O__0O
(0] . P 1k (5 mol %) |
AN \(koph THF, -78°C, 1h *2
2 3 (1.6 equiv.) 5 R
Entry R! R? Yield*/% % ee®  [alp®
1 Ph Ph 98 90 +182
2 Ph 4-F-CgH,4 98 844 4150
3 4-F-CeH, Ph 94 829 4149
4 Ph 4-MeO-CgHy 98 9 +153
5 4-MeO-CgH, Ph 98 95¢ 4157
6 4-MeO-CgHy 4-Br-C¢H, 95 88 +107
7 4-Br-C¢H, 4-MeO-Cg¢Hy 98 89 +109
8 Ph Me 86 95 +64
9 Ph i-Pr 98 93 +138

solated yield. "Enantiomeric excess of 5 was determined by HPLC
analysis using a chiral column (DAICEL Chiralcel OD-H) with hexane/2-
propanol as a solvent. °c = 1.00, CHCl;. “Enantiomeric excess of 5 was
determined by HPLC analysis using a chiral column (DAICEL Chiralcel
AD-H) with hexane/2-propanol as a solvent.
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o, B-unsaturated ketones and a silyl enolate derived from phenyl
isobutyrate in the presence of a catalytic amount of cinchona
alkaloid-derived chiral quaternary ammonium phenoxides. Fur-
ther investigation on this type of asymmetric reactions is now in
progress.
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