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Diastereo- and enantio-selective synthesis of 3,4-dihydro-
pyran-2-ones from various silyl enolates and �,�-unsaturated
ketones were successfully carried out by using cinchonidine-de-
rived quaternary ammonium phenoxide. In this reaction, a syn-
thesis of the two enantiomers was achieved by an appropriate
choice of a substituent on the bridgehead nitrogen of cinchoni-
dine.

Recently, it was reported that high diastereo- and enantio-
selective synthesis of 3,4-dihydropyran-2-ones was achieved
via successive reactions of Michael addition and lactonization
in the presence of a catalytic amount of the chiral quaternary am-
monium phenoxide derived from cinchonidine.1 In this reaction,
the cinchonidine-derived chiral catalyst functioned in reverse
enantiofacial selectivity when a substituent on the bridgehead ni-
trogen atom was changed. Now we would like to show that the
two enantiomers were successfully synthesized by using a single
chiral source, that is, quarternary ammonium phenoxide.

In the first place, reaction of chalcone 2a with trimethylsilyl
(TMS) enolate 3awas carried out in THF at�78 �C for 1 h in the
presence of 10mol% of chiral quaternary ammonium phenox-

ides 12 (Table 1). When the catalyst 1a having a simple phenyl
group was used, Michael addition and successive lactonization
reactions proceeded smoothly to afford the corresponding 3,4-di-
hydropyran-2-one 4a in 91% yield with high anti-selectivity (an-
ti/syn = 89:11)3 while the enantioselectivity of the major anti
isomer turned out to be poor (23% ee) (Entry 1). Next, it was ob-
served that the use of a catalyst 1b having 2,6-difluorophenyl
group enhanced both diastereo- and enantio-selectivities (anti/
syn = 96:4, anti = 64% ee) (Entry 2). On the other hand, their
enantioselectivities considerably decreased against 1b (Entries
3–5) when substituents such as 3,5-di-tert-butylphenyl (1c),
3,5-bis(trifluoromethyl)phenyl (1d), and 3,5-diphenylphenyl
groups (1e) were introduced. It is particularly interesting that
the use of a catalyst having bulky substituents on the nitrogen
atom of cinchonidine, 1f (Ar = 3,5-bis(3,5-di-tert-butylphenyl)-
phenyl or 1g (Ar = 3,5-bis[3,5-bis(trifluoromethyl)phenyl]-
phenyl) showed to give the opposite enantioselectivity to the
result obtain when 1b was employed: that is, 3,4-dihydropyr-
an-2-one 5a in 78 and 92% yields with diastereo- and enantio-
selectivities (anti/syn = 78:22 and 75:25, anti = 51% ee and
31% ee) (Entries 6 and 8). In addition, enantioselectivities
were observed to increase up to 70% ee and 83% ee when the
reactions were carried out in CH2Cl2 (Entries 7 and 9).
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Entry Catalyst Product
Yielda(%)

(anti/syn)b
% eec

1 1a: Ar = Ph 4a 91 (89:11) 23

2 1b: Ar = 2,6-F2C6H3 4a 94 (96:4) 64

3 1c: Ar = 3,5-(t-Bu)2C6H3 4a 99 (87:13) 12

4 1d: Ar = 3,5-(CF3)2C6H3 4a 91 (>99:1) 13

5 1e: Ar = 3,5-(Ph)2C6H3 4a 99 (90:10) 45

6 1f: Ar = 3,5-[3,5-(t-Bu)2C6H3]2C6H3 5a 78 (78:22) 51

7d 1f: Ar = 3,5-[3,5-(t-Bu)2C6H3]2C6H3 5a 99 (87:13) 70

8 1g: Ar = 3,5-[3,5-(CF3)2C6H3]2C6H3 5a 92 (75:25) 31

9d 1g: Ar = 3,5-[3,5-(CF3)2C6H3]2C6H3 5a 99 (93:7) 83

aIsolated yield. bDiastereomeric ratio was determined by 1HNMR analysis.
cEnantiomeric excess of major anti-4a, 5a was determined by HPLC analysis using
a chiral column (DAICEL Chiralcel OD-H) with hexane/2-propanol (volume ratio =
50:1) as a solvent. dReaction was carried out in CH2Cl2.

Table 2. Reactions of chalcone 2a with various silyl enolates 3
in the presence of cinconidine-derived catalysts 1b and 1g
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Entry Sily enolate Catalyst Product
Yielda(%)

(anti/syn)b
% eec

1d 3b: R3 = Me 1b: Ar = 2,6-F2C6H3 4b 91 (92:8) 42

2e 3b: R3 = Me
1g: Ar = 3,5-[3,5-

(CF3)2C6H3]2C6H3

5b 92 (89:11) 95

3d 3c: R3 = i-Pr 1b: Ar = 2,6-F2C6H3 4c 77 (>99:1) 75

4e 3c: R3 = i-Pr
1g: Ar = 3,5-[3,5-

(CF3)2C6H3]2C6H3

5c 99 (>99:1) 74

aIsolated yield. bDiastereomeric ratio was determined by 1HNMR analysis.
cEnantiomeric excess of major anti-4,5 was determined by HPLC analysis using a
chiral column (DAICEL Chiralcel OD-H or Chiralpak AD-H) with hexane/2-propa-
nol (volume ratio = 50:1) as a solvent. dReaction was carried out in THF. eReaction
was carried out in CH2Cl2.
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Next, the effect of alkyl substituents (R3) contained in TMS
enolates was examined (Table 2). When the catalyst 1bwas used
in THF, the use of sterically hindered TMS enolates 3c (R3 =
i-Pr) enhanced the enantioselectivity (anti-4c = 75% ee)
(Entry 3). On the other hand, the enantiomeric excess of anti-
5b increased up to 95% ee when less hindered TMS enolate
3b (R3 = Me) was used in CH2Cl2 in the presence of a catalyst
1g (Entry 2). It was consequently found that the alkyl substitu-
ents (R3) contained in TMS enolates played important roles
in controlling enantioselectivities of this asymmetric reaction.
Actually, the enantioselecivity was improved by using TMS
enolates with more bulky R3 substituents in the presence of a cat-
alyst 1b. Furthermore, the enantioselectivity in the case of using
a catalyst 1g was enhanced with less hindered TMS enolate.

Then, reactions of TMS enolate 3a with various �,�-unsat-
urated ketones 2 were tried in the presence of 10mol% cinconi-
dine-derived catalysts 1b or 1g in THF or in CH2Cl2 at �78 �C

for 1 h (Table 3).4 The enantioselectivities decreased concerning
when alkyl-substituted �,�-unsaturated ketones 2 was used
in the presence of a catalyst 1b (Entries 5 and 6). On the other
hand, it increased when a catalyst 1g was used in the reaction
with �,�-unsaturated ketones 2 having an electron-donating
substitutent such as a 4-methoxyphenyl group (Entries 7 and 8).

Thus, the chiral catalysts functioned in reverse enantiofacial
selectivities through examining the effect of substituents on the
bridgehead nitrogen of cinchonidine in Michael addition and
lactonization between silyl enolates and �,�-unsaturated ke-
tones. Further investigation to explain the reaction mechanism
is now in progress.
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Table 3. Diastereo- and enantioselective synthesis of 3,4-dihy-
dropyran-2-ones by using catalysts 1b or 1g
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Entry R1 R2 Catalyst Product
Yielda(%)

(anti/syn)b
% eec

1d Ph 4-MeO–C6H4

1b: Ar =

2,6-F2C6H3

4d 99 (>99:1) 58

2d 4-MeO–C6H4 Ph 4e 97 (97:3) 62

3d Ph 4-F–C6H4 4f 97 (97:3) 57

4d 4-F–C6H4 Ph 4g 95 (91:9) 34

5d Ph Me 4h 99 (97:3) 29

6d Ph i-Pr 4i 99 (86:14) 11

7e Ph 4-MeO–C6H4

1g: Ar = 3,5-

[3,5-(CF3)2–

C6H3]2C6H3

5d 99 (97:3) 92

8e 4-MeO–C6H4 Ph 5e 99 (97:3) 90

9e Ph 4-F–C6H4 5f 99 (90:10) 71

10e 4-F–C6H4 Ph 5g 87 (85:15) 72

11e Ph Me 5h 99 (>99:1) 81

12e Ph i-Pr 5i 99 (>99:1) 69

aIsolated yield. bDiastereomeric ratio was determined by 1HNMR analysis.
cEnantiomeric excess of major anti-4,5 was determined by HPLC analysis using a
chiralcolumn (DAICEL Chiralcel OD-H or Chiralpak AS-H) with hexane/2-propanol
(volume ratio = 50:1) as a solvent. dReaction was carried out in THF. eReaction was
carried out in CH2Cl2.
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