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Diastereo- and enantioselective tandem Michael addition
and lactonization between various silyl enolates derived from
phenyl carboxylates and o, B-unsaturated ketones were success-
fully carried out by using an efficient organic catalyst, a cincho-
nidine-derived chiral quaternary ammonium phenoxide. In this
asymmetric tandem reaction, the corresponding trans-3,4-dihy-
dropyran-2-ones were obtained in high yields with almost com-
plete diastereoselectivities and good to excellent enantioselec-
tivities.

In our preceding paper, it was shown that novel types of chi-
ral quaternary ammonium phenoxides were prepared readily
from commercially available cinchona alkaloids and were thus
proved to be useful new asymmetric catalysts.! Of the chiral qua-
ternary ammonium phenoxides, cinchonidine-derived catalyst 1
that possessed both a sterically hindered N(1)-9-anthracenyl-
methyl group and a strongly electron-withdrawing C(9)-0-3,5-
bis(trifluoromethyl)benzyl group was found extraordinarily
effective for Michael addition and successive lactonization
between a silyl enolate derived from phenyl isobutyrate and
a,ﬂ—unsaturated ketones, which afforded optically active 3,4-di-
hydropyran-2-ones in high yields with high enantioselectivities.”

Table 1. Reactions of chalcone 2a with various silyl enolates 3
in the presence of cinchonidine-derived catalyst 1

o) OSiMes (5 mol %) o \ or°
+ .,
PhMPh C/Loph THF, —78°C, 0.5 h (‘/fﬁ
R Ph
2a 3 (1.6 equiv.) 4
Entry  Silyl enolate®  Product Yield®/%  trans/cis® % ee!
1 3a: R® = Me 4a 91 92:8 25 (75%)
2 3:R)*=Et 4b 99 99:1 67
3 3c¢R'=iBu 4c 96 99:1 76
4 3d: R® = i-Pr 4d 99 >99:1 96
5% 3e: R} = t-Bu 4e 96 >99:1 96

AE/Z = >95:5. PIsolated yield. °Diastereomeric ratio was determined
by '"HNMR analysis. YEnantiomeric excess of the major trans-4 was
determined by HPLC analysis using a chiral column (DAICEL Chiralpak
AD-H) with hexane/2-propanol (volume ratio = 50:1) as a solvent.
°Enantiomeric excess of the minor cis-4a. {Catalyst (10 mol %) was used.
gReaction was carried out at —78 °C for 0.5 h, and then the reaction mix-
ture was gradually warmed up to rt.

To explore further potential of this asymmetric reaction, diaster-
eochemistry of the two newly created adjacent carbon centers
was studied in detail. In this communication, we would like to
report on highly diastereo- and enantioselective synthesis of
3,4-dihydropyran-2-ones by way of chiral quaternary ammoni-
um phenoxide-catalyzed tandem Michael addition and lactoni-
zation between various silyl enolates derived from phenyl car-
boxylates and o, B-unsaturated ketones.

In the first place, reactions of chalcone 2a with various (E)-
trimethylsilyl (TMS) enolates 3a-3e derived from phenyl car-
boxylates were tried in THF at —78 °C by using 5 mol % of cin-
chonidine-derived catalyst 1 to examine stereochemical behav-
ior of the alkyl substituents (R3) contained in TMS enolates
(Table 1). When TMS enolate 3a (R* = Me) derived from phen-
yl propionate was used, Michael addition and successive lactoni-
zation proceeded smoothly to afford the corresponding 3.4-dihy-
dropyran-2-one 4a in 91% yield with high trans-selectivity
(trans/cis = 92:8)* although the enantioselectivity of the major
trans-isomer turned out to be poor (25% ee) (Entry 1). Next, it
was observed that the use of TMS enolate 3b (R? = Et) derived
from phenyl n-butyrate enhanced both diastereo- and enantiose-
lectivities and the desired product 4b was obtained quantitatively
with excellent trans-selectivity (trans/cis = 99:1) and 67% ee
(trans-isomer) (Entry 2). Significantly, the reactions that used
more sterically-hindered TMS enolates, 3d (R? = i-Pr) and 3e
(R? = t-Bu), produced the corresponding 3,4-dihydropyran-2-
ones, 4d and 4e, in excellent yields with almost complete stereo-

Table 2. Effects of aryl substituents (Ar)

OSiMe, Catalyst 1 Ph o. _O
R Y 53
Ph” 7 ph s O THF,-78°C,05h R
R Ph
2a 3 (1.6 equiv.) da—4c
Entry Silyl enolate® Yield®/% trans/cis® % ee!
1 3b: Ar = Ph R’ = Et 99 99:1 67
2 3f: Ar = 4-F-C¢H,4 99 95:5 59
3 3g: Ar = 4-MeO-C¢Hy 95 99:1 38
4 3h: Ar = 2-Naphthyl 93 98:2 55
5 3i: Ar = 1-Naphthyl 84 >99:1 70
6  3j: Ar = 2-i-Pr-C¢Hy 95 >99:1 76
7¢  3j: Ar = 2-i-Pr-CgHy 99 >99:1 84
8 3a: Ar = Ph R? = Me 91 92:8 25
9¢ 3k: Ar = 2-i-Pr-C¢Hy 93 98:2 57
10 3c: Ar=Ph R? = i-Bu 96 99:1 76
11 3L: Ar = 2-i-Pr-C¢Hy 99 >99:1 88

2E/Z = >95:5. "Isolated yield. °Diastereomeric ratio was determined
by '"HNMR analysis. ‘Enantiomeric excess of the major trans-4 was
determined by HPLC analysis using a chiral column (DAICEL Chiralpak
AD-H) with hexane/2-propanol (volume ratio = 50:1) as a solvent.
®Reaction was carried out in toluene—~CH,Cl, (volume ratio = 1:1).
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chemical control (trans/cis = >99:1, 96% ee) (Entries 4 and 5).
It was consequently revealed that the alkyl substituents (R?)
contained in TMS enolates played important roles in controlling
both diastereo- and enantioselectivities of this asymmetric
reaction and therefore stereoselectivities improved as bulkiness
of R? increased.

In order to further improve stereoselectivities of the above-
mentioned reactions particularly with the TMS enolates having
relatively small alkyl substituents (R?), effects of aryl substitu-
ents (Ar) contained in the TMS enolates were investigated next
(Table 2). Then, for the initial screening of the TMS enolates (R?
= Et), electronic tuning of aryl substituents was tried. The use of
TMS enolates having an electron-withdrawing substituent such
as a 4-fluorophenyl group (3f) or an electron-donating substitu-
ent such as a 4-methoxyphenyl group (3g) was found to cause a
decrease in the enantioselectivities of the desired product 4b
(Entries 2 and 3). On the other hand, steric modification by intro-
ducing sterically hindered aryl substituents such as a 1-naphthyl
group (3i) or a 2-isopropylphenyl group (3j) in place of a simple
phenyl group enhanced the enantioselectivities, and trans-4b
was obtained in 95% yield with 76% ee if TMS enolate 3j
(R3 = Et, Ar = 2-i-Pr-C4Hy4) was used (Entry 6). In addition,
the enantiomeric excess of frans-4b increased up to 84% ee
when the reaction was carried out in a mixture of toluene and
CH,Cl, (volume ratio = 1:1) as a solvent (Entry 7). It was also
found that the use of TMS enolates, 3k (R?> = Me, Ar = 2-i-Pr-
CgH,) and 31 (R® = i-Bu, Ar = 2-i-Pr-C¢Hy), improved the
stereoselectivities and gave the corresponding 3.4-dihydropyr-
an-2-ones, 4a and 4c, with excellent trans-selectivities and ap-
preciable enantioselectivities (Entries 9 and 11).

Next, reactions of TMS enolates, 3d (R? = i-Pr, Ar = Ph)
and 3j (R® = Et, Ar = 2-i-Pr-C¢Hy), with various «,-unsatu-
rated ketones 2 were tried by using Smol % of cinchonidine-
derived catalyst 1 in THF or in toluene—CH,Cl, (volume ratio =
1:1) at =78 °C (Table 3).* In most cases, the reactions proceeded
smoothly to provide the corresponding 3,4-dihydropyran-2-ones
(4) in high yields with almost complete trans-selectivities and
high to excellent enantioselectivities.

Table 3. Diastereo- and enantioselective synthesis of 3,4-dihy-
dropyran-2-ones by using cinchonidine-derived catalyst 1

1
OSiMes Catalyst 1 R Oo. _O

o (5 mol %)
_— + %\ 1,3
leﬂ R? . OM o, -78°C, 1h R
R R2
2 3d or 3j (1.6 equiv.) 4
Yield®/%

Entry R! R? R?®  Product ( tr;is /c/is;b % ee®
14 Ph 4-F-C¢H;  i-Pr 4 98(>99:1) 95
24 4-F-C¢H,4 Ph Bd) 4g  92(>99:1) 94
3d Ph 4-MeO-CgH,4 4h  93(>99:1) 94
49 4-MeO-CgH, Ph 4 94(>99:1) 97
54 4-MeO-CgHs 4-Br-C¢Hy 4  98(>99:1) 95
6¢  4-Br-CgHy 4-MeO-CgHy 4k 94(>99:1) 92
7 Ph 4-MeO-C¢H;  Et 4 95(=99:1) 85
8¢ 4-MeO-CgH, Ph Gj)  4m 97 (>99:1) 87
9¢  PhCH=CH Ph 4n 87 (97:3) 86

Isolated yield. "Diastereomeric ratio was determined by ' H NMR analysis.
“Enantiomeric excess of the major trans-4 was determined by HPLC analy-
sis using a chiral column (DAICEL Chiralpak AD-H or Chiralcel OD-H)
with hexane/2-propanol as a solvent. YReaction was carried out in THF.
¢Reaction was carried out in toluene—CH,Cl, (volume ratio = 1:1).
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Figure 1. ORTEP drawing of compound 4j.

Relative and absolute configurations at the two newly creat-
ed adjacent carbon centers of compound 4j were clearly identi-
fied by X-ray crystallographic analysis (Figure 1).°

Thus, highly efficient asymmetric tandem Michael addition
and lactonization between various silyl enolates derived from
phenyl carboxylates and o, S-unsaturated ketones were achieved
in excellent stereochemical control by using cinchonidine-
derived chiral quaternary ammonium phenoxide 1 as a catalyst.
Detailed investigations on the mechanism as well as on the scope
and limitations of the present asymmetric system are currently
being conducted in our laboratory.
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MHz, CDCl3) § 7.70-7.66 (m, 2H), 7.42-7.16 (m, 8H), 5.86 (d,
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41.2, 29.1, 21.1, 20.1. The enantiomeric excess was determined by
HPLC analysis using a DAICEL Chiralpak AD-H, hexane/2-propa-
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