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Asymmetric 1,3-Dipolar Cycloaddition of Nitrile Oxides to y-Substituted Allylic Alcohols
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The asymmetric 1,3-dipolar cycloaddition of nitrile oxides
to y-substituted allylic alcohols was achieved by the use of
diisopropyl (R,R)-tartrate as a chiral auxiliary to afford the
corresponding 3,4,5-trisubstituted-2-isoxazolines with high
regio- and enantioselectivities. 4,5-trans-2-lsoxazolines
derived from ethyl (£)-4-hydroxy-2-butenoate were
transformed to the corresponding 4,5-cis-2-isoxazolines by the
treatment with a base through isomerization and lactonization.

Asymmetric 1,3-dipolar cycloadditions have been the focus
of great attention in synthetic organic chemistry.! The 1.3-
dipolar cycloaddition is influenced by the steric interaction, and
thus the control of the stereochemistry in the 1,3-dipolar
cycloaddition to the internal olefin was difficult. For example,
regio- and diastereoselectivities in the cycloaddition of nitrile
oxide to crotonoyl derivatives of Oppolzer's chiral sultam were
lower compared with those to acryloyl derivative.23 Recently
we reported highly enantioselective 1,3-dipolar cycloadditions
of nitrile oxides and nitrones to a terminal olefin, 2-propen-1-
ol.4 Herein, we describe the regio- and enantioselective 1.3~
dipolar cycloaddition of nitrile oxides to ysubstituted allylic
alcohols utilizing (R,R)-diisopropyl tartrate (DIPT) as a chiral
auxiliary.

First the 1,3-dipolar cycloaddition of p-methoxybenzonitrile
oxide to (E)-2-buten-1-ol (1E) using (R.R)-DIPT was examined
paying attention to the molar amounts of the reagents and the
reaction temperature. When 1E was treated with Et2Zn (1.0
molar amount), (R,R)-DIPT (1.0 molar amount), a second
Et2Zn (1.0 molar amount), and p-methoxybenzohydroximoyl
chloride (1.0 molar amount) successively at 0 °C in CHCl3, the
corresponding optically active 4,5-trans-2-isoxazoline 2a was
obtained with high enantioselectivity, but in poor chemical
yield (Entry 1 in Table 1). Increasing the molar amounts of
hydroximoyl chloride and/or the reaction temperature slightly
improved the chemical yield (Entries 2, 3). The
enantioselective cycloaddition of benzonitrile oxide to 1E also
gave an optically active 2-isoxazoline 2b in 59% yield with the
selectivity of 94% ee (Entry 4). In the case of the 1,3-dipolar
cycloaddition of p-methoxybenzonitrile oxide to (Z)-2-buten-1-
ol (1Z), 4.5-cis-2-isoxazoline 2¢ was oblained in 63% yield
with the selectivity of 96% ee when the reaction was carried out
at 25 °C (Entry 6), but in lower chemical yield at 0 or 45 °C
(Entries 5,7). Benzonitrile oxide also afforded the
corresponding cycloaddition product 2d with high
enantioselectivity (Entry 8).5 The regioisomer of 2 was
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Table 1. The asymmetric 1,3-dipolar cycloaddition of nitrile
oxides to 2-buten-1-ol (1)

Entry 1 R 2 (45) n T Yield/% ee/%
1 E p-MeOCgHsq a (trans) 1.0 0 20 932
2 1.5 0 35 §9a
3 1.5 25 37 882
4 E Ph b (trans) 1.5 25 59 94b
5 Z p-MeOCgHyg ¢ (cis) 1.5 0 30 974
6 1.5 25 63 962
7 1.5 45 44 942
8 VA Ph d (cisy 1.5 25 51 984

a0ptical yields were determined by HPLC analysis (Daicel
Chiralcel OD-H). bChemical and optical yields were
determined by HPLC analysis (Daicel Chiralcel OD-H) of the
mixture of 2b and its regioisomer frans-4-(hydroxymethyl)-5-
methyl-3-phenyl-2-isoxazoline (2% yield).

scarcely produced in these reactions except for the reaction of
benzonitrile oxide to 1E (Entry 4).6

The enantioselective preparation of highly functionalized 2-
isoxazolines, which are versatile synthetic intermediates, is
strongly required. Then, asymmetric 1,3-dipolar cycloaddition
to an allylic alcohol possessing an ethoxycarbonyl group was
investigated. It was found that the asymmetric cycloaddition of
nitrile oxides to ethyl (E)-4-hydroxy-2-butenoate (3) proceeded
to afford the corresponding 4,5-trans-2-isoxazolines 4 with
high enantioselectivity as shown in Table 2.5
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Table 2. The asymmetric 1.3-dipolar cycloaddition of nitrile
oxides to ethyl (£)-4-hydroxy-2-butenoate (3)

4 5

Entry R Yield/% ee/% Yield/% ee/%
1 p-MeOCgHy a 82 922 -- -
2 Ph b 75 92b trace -
3 p-BrCgHs ¢ 71 92b trace  --
4¢ Heptyl d 35 96b -- <5
5 tBu e 74 91b - -

40ptical yield was determined by HPLC analysis (Daicel
Chiralcel OB-H). POptical yields were determined by HPLC
analysis (Daicel Chiralcel OD-H). ¢ Two molar amounts of
hydroximoyl chloride were used.
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During the purification of the reaction products 4 by TLC
on silica gel, the production of the lactone 5, which was not
observed before the purification, was confirmed. It indicated
that the 4,5-frans-2-isoxazoline 4 could be readily isomerized
to 4,5-cis-2-isoxazoline followed by lactonization to afford 5.
In order to promote the isomerization, trans-2-isoxazolines 4
were treated with a small amount of DBU to furnish the
optically active 4,5-c¢is-2-isoxazolines 5 in high yields without
loss of optical purity (Table 3).5

N-O N-O

/Q\,OH OB il
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Table 3. The transformation of4 to §

Entry R ece/bofd m T Yield/% ce/%of 5

| p-MeOCgHga 92 03 25 93 92a
2 Ph b 91 01 0 98 91a
3 pBrCeHs ¢ 92 0.1 20510 97 92a
4 Heptyl d 96 03 25 90 96b
S +Bu e 91 03 25 9 94a

40ptical yields were determined b); HPLC analysis (Daicel
Chiralcel OD-H). POptical yield was determined by HPLC
analysis (Daicel Chiralcel OB-H).

Catalytic asymmetric cycloaddition of p-methoxybenzo-
nitrile oxide to 3 was also carried out4P 1o give the 2-
isoxazoline 4a with the enantioselectivity of 84% ee.

1) 1.2 EtxZn N-O

2) 0.2 (R.A)-DIPT /
Et0sC. A OH L2 UL OH
SZNET 3)71 AnC(Cl)=NOH A"Ai)\(
3 1.5 1,4-dioxane 4a COEt
25°C in CHCI .
vt 54%, 84% ee

(An = p-MeOCgHy,)

The absolute configuration of 4,5-trans-2-isoxazoline 2b
(98% ee; [a]p23 -124° (¢ 0.14, MeOH)) was confirmed to be
4R.5R by the comparison of specific optical rotation and the
spectral data with those of the authentic sample 2b (91% ee;
[a]p25 -113° (¢ 0.50, MeOH)) derived from the known (R)-2-
isoxazoline 642 (91% ee).” On the other hand, the absolute
configuration of 5b was revealed to be 4S,5R by X-ray
crystallographic analysis of its derivative: The treatment of 5b
(87% ee) with (R)-1-phenylethylamine gave an amide 7 (69%)
as a major product through ring opening and isomerization.
The stereochemistry of 7 was determined to be 4R,5R by X-ray

crystallographic analysis of its single crystal as shown in Figure
158
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Figure 1. Molecular structure of 7.

As described above, the present method provides a useful
way for the enantioselective synthesis of the 3.,4,5-
trisubstituted-2-isoxazolines. Especially by the asymmetric
1.3-dipolar cycloaddition of nitrile oxides to ethyl (F)-4-
hydroxy-2-butenoate, not only 4,5-trans- but also 4,5-¢is-2-
isoxazolines were simply prepared with high enantioselectivity.
Furthermore, this method provides a useful way to prepare both
enantiomers of 3.4,5-trisubstituted-2-isoxazolines because of
casy availability of (R,R)- and (S,5)-DIPT, ultimately allowing
o provide all of the possible four optically active
stereoisomers.
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