568 LETTERS

SYNLETT

Chiral Lewis Acid Promoted Asymmetric Michael Addition Reaction of

2-(Trimethylsilyloxy)furans

Hiroshi Kitajima and Tsutomu Katsuki*

Department of Chemistry, Faculty of Science, Kyushu University 33, Hakozaki, Higashi-ku, Fukuoka 812-81, Japan

Fax +81 92 642 2607
Received 18 February 1997

Abstract: Lewis acid promoted Michael addition of 2-
(trimethylsilyloxy)furan to 3-[(E)-2-butenoyl]-1,3-oxazolidin-2-one (2)
was examined. A 1:1 complex prepared from scandium triflate and
3,3’-bis(diethylaminomethyl)-1,1’-bi-2-naphthol 5b in siru showed
excellent anti-selectivity and moderate enantioselectivity, while Cu(il)-
bis(oxazolines) complex exhibited excellent enantioselectivity and
moderate to good anti-selectivity.

Optically active butenolides are important class of compounds since
they not only constitute subunits of naturally occurring compounds! but
also serve as the precursors for the synthesis of densely substituted

chiral y-lactone 2-(Trialkylsilyloxy)furans are

3

compounds.2
nucleophiles and react with various electrophiles such as ketones,
aldf:hyd<=,s,3a’4 acetals,®” nitron,® and enone’ in the presence of Lewis
acid to afford the corresponding y-substituted butenolides. Although
some of these reactions have used chiral electrophiles as substrates,8 no
enantioselective version has been reported. Fukuyama ez al. have
already reported that the Michael
trimethylsilyloxyfuran and chalcones proceeds with modest
diastereoselectivity,’®  while the reaction of 2-ethylthio-5-
(trimethylsilyloxy)furan proceeds with high diastereoselectivity.7b’C

Since this type of reaction is useful for organic synthesis, we studied on

reaction of  simple

the stereochemistry of the reaction of 2-(trimethylsilyloxy)furans (1)
with 3-[(E)-2-butenoyl]-1,3-oxazolidin-2-one (2).
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We first examined the reaction of 1a with 2 in the presence of various

Scheme 1

Lewis acid catalysts. Among the catalysts examined, metal triflates
such as Sc(OTf)39 and Cu(OTf), showed high diastereoselectivity
(anti:syn = >50:1), though chemical yield of 3a was only modest (36%
and 38%, respectively).!? Recently, Kobayashi and co-workers have
demonstrated that Sc(OTf); or Yb(OTf); modified by (R)-1,1-bi-2-
naphthol [(R)-BINOL] and tertiary amine is an effective catalyst for
asymmetric Diels-Alder reaction.}! Therefore, we next examined the
reaction of 1a and 2 using a combination of Sc(OTf);, (R)-BINOL, and
Et;N as a catalyst but the chemical yield and enantiomeric excess of the
desired product were only modest (35%, 12% ce).1% On the other hand,
we have reported that optically active N,N,N'N'-tetraalkyl-BINOL-3,3"-
dicarboxamides (4) are efficient chiral auxiliaries for asymmetric

Simmons-Smith cyclopropanation of allylic alcohols!? and  for
12b,13 Thus, we
examined the reaction using the complex of Sc(OTf); and 4 as a catalyst
and found that the reaction proceeded smoothly, though
enantioselectivity was poor (18% ee). Encouraged by this result and
Kobayashi's report,11 we synthesized the BINOL derivatives 5 bearing a
tertiary aminomethyl group at 3,3’-carbons, 1 expecting that the
conformation of the aminomethyl group would be fixed by
intramolecular hydrogen-bond formation upon its coordination to
Sc(OTf); and examined the reaction of 1 and 2.

enantioselective diethylzinc addition to aldehydes.

Table 1. Michael addition of 2-(trimethylsilyloxy)furans using chiral
scandium complex.
entry® substrate ligand additive solvent

yield® antizsyn®  eed

(%) (%)
1 la 5b none CH)Cl, 44 >50:1 73
2 1a 5b i-PrOH CHCl, 78 >50:1 49
3 1a Sb HFIP CHCl, 80 >50:1 65
4¢)  1a 5b HFIP CHxCl 86 >50:1 68
5 1a Sb HFIP toluene 80 >50:1 57
6 1a Sh HFIP Ph-Cl1 87 >50:1 56
7 1b Sb HFIP CHxCh 94 >50:10 56

a) All reactions were carried out at 0 °C in the presence of 5 mol% of Sc(OTf)3
and 6 mol % of 5, unless otherwise mentioned.

b) The yield refers to the total yield of syn and ani isomers.

¢) Estimated by 1H-NMR (270 MHz) analysis.

d) Determined by HPLC using optically active column: (Daicel Chiralpak AD;
hexane:i-PrOH = 2:1).

€) Tenmol% of Sc(OTf)3 and 12 mol% of 5b were used.

f) Relative configuration was tentatively assigned by analogy with the reaction of
la.

Table 1 summarizes the results obtained. The reaction with 5b as a
chiral source in dichloromethane proceeded with excellent
diastereoselectivity and good enantioselectivity, but the chemical yield
was moderate (entry 1). Other chiral sources 5a, 5c, and 5d were less
effective in terms of enantioselectivity. The major side product of these
reactions was a Diels-Alder type adduct 7 which was probably produced
by Dieckmann condensation of the intermediary enolate 6 (Scheme 2).
To avoid this undesired side reaction, we carried out the reaction in the
presence of 1 equiv. of isopropyl alcohol which would accelerate the
quenching of the enolate. These modified reaction conditions increased
the yield of 3a but decreased enantioselectivity to some extent (entry 2).
Although the reason for the decrease of enantioselectivity was unclear,
we assumed that the added alcohol coordinated to scandium ion and
changed its coordination atmosphere. Thus, we examined
hexafluoroisopropanol (HFIP) as an additive, which is more acidic and
has poor coordinating ability. As expected, the reaction proceeded with
high chemical yield and a similar level of stereoselectivity as compared
with the reaction without additive (entries 3 and 4). We also examined
the effect of solvent (entries 3, 5, and 6). However, the reaction in
dichloromethane showed the highest enantioselectivity. The reaction of
1b and 2 under the same reaction conditions also proceeded with high
diastereo- and moderate enantioselectivity.

Recrystallization of 3a from ethyl acetate-hexane gave optically pure
single crystals, X-ray analysis15 confirmed the relative configuration of
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3a, as shown in Scheme 3. The pure 3a was converted to the
corresponding (R)- and (5)-(2-naphthyl)methoxyacetic acid (2NMA)
esters 8, 'H-NMR analysis determined the absolute configuration of C4-
carbon in 8 to be S.16 The A3 (8z-85) (ppm) values are indicated in
Scheme 3. Thus, the configuration of the major enantiomer of 3a was
determined to be R,R.

+0.32
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N’( ad 030 014 I 4023
P —= TBOPSO” 3o (2 OTBDPS
INMAO L +023
3a (major isomer) 8

(a) Hp-Pd/C, AcOEt, RT; (b) LiAlH,, THF, 0°C-RT ; () TBDPSI-CI, Py-DMAP,
CH,Cly; (d) (R)- and (S)-2NMA, 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide, DMAP, CH,Cl,.

Scheme 3

We also examined the Michael reaction of 1 and 2 using other chiral
Lewis acid catalysts and found that the reaction using Cu(OTf),-
bis(oxazolines) 97 complex as a catalyst proceeded in the presence of
HFIP with high enantioselectivity, though anti-selectivity was moderate
especially in the reaction of 1a.'® Configuration of the product 3a
obtained with (S,5)-9 was determined to be S,S by chiroptical
comparison.
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Table 2. Michael addition of 2-(trimethylsilyloxy)furans using chiral
copper complex.
entry substrate ligand additive solvent yield antitsyn ee
(%) (%)
1 1a 9 HFIP CHCl; 89 851 95
2 1b 9 HFIP CHCl, 95 24:1 91

(55)-9

Typical experimental procedure is as follows: Sc(OTf); (6.2 mg, 13
umol) and diamine 5b (6.8 mg, 15 pmol) were dissolved in 0.5 ml of
CH,Cl, in the presence of activated molecular sieves 4A (30 mg) and
stirred for 30 min at 0 °C under nitrogen atmosphere. To the mixture
were added a CH,Cl, solution (0.5 ml) of 2 (38.8 mg, 0.25 mmol), HFIP
(26 ul, 0.25 mmol), and 1a (50 pl, 0.3 mmol) and the whole mixture was
stirred for 15 h at the temperature. The mixture was quenched with
water and filtered through a pad of Celite to remove insoluble materials.
The filtrate was diluted with CH,Cl, and separated from the water layer.
The organic layer was dried over anhydrous MgSO, and evaporated.
The residue was chromatographed on silica gel (EtOAc:hexane = 7:3) to
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afford 3a (48 mg, 80% yield) as a mixture of anti- and syn-isomers. The
mixture was recrystallized twice from hexane-ethyl acetate to give anti-
3a (27 mg, 45%) of >99% ee.

The reaction with Cu(OTf),-9 complex was carried out in the same
manner as described for the reaction with Sc(OTf)3-5b complex, except
that Cu(OTf),-9 complex was used instead of Sc(OTf);-5b complex.

In conclusion, we could demonstrate that chiral Lewis acid-promoted
Michael addition of 2-(trimethylsiloxy)furans proceeded in the presence
of HFIP with good chemical yield and high stereoselectivity. To the best
our knowledge, this is the first example of asymmetric and catalytic
Michael addition of 2-(trimethylsilyloxy)furans. Further studies are in
progress in our laboratory.
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(DA, b=9122(1) A, c=6587 (1) A, B=97.74 (1)°, V = 565.1
2) A%, Z=2, W(CuKa) = 0.908 mm™, Dx =1.405 g cm™, R =
0.034.

Kusumi, T.; Takahashi, H.; Xu, P.; Fukushima, T.; Asakawa, Y.;
Hashimoto, T.; Inoue, Y. Tetrahedron Lett. 1994, 35, 4397.

For the example of the reactions using Cu(Il)-bis(oxazolines)
complexes as catalysts, see: Pfaltz, A. Acc. Chem. Res. 1993, 26,
339, and references cited therein.

The reaction in the absence of HFIP gave the desired Michael

adduct of 92% ee in 37% yield, though anri-selectivity was
slightly increased to 10.5:1.
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