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Enantioselective Synthesis of 2-Isoxazolines by a One-Flask Conjugate
Addition/Oxime-Transfer Process

Antti Pohjakallio[b] and Petri M. Pihko*[a]

Asymmetric access to 2-isoxazolines, facile precursors to
both aldol- and 1,3-aminoalcohol-type structural subunits, is
an important objective in synthetic methodology.[1] The 1,3-
dipolar cycloaddition between nitrile oxides and alkenes is
by far the most popular method for the synthesis of the 2-
isoxazoline ring. Unfortunately, these cycloadditions are
generally not directly amenable to catalytic asymmetric syn-
thesis.[1] Indeed, the number of catalytic methods used to
prepare the 2-isoxazoline ring system is considerably small-
er, and there seems to be no general solution to the prob-
lem. Although good selectivities have been attained by
using Lewis acids such as ZnII–tartrate complexes[2] or MgII–
bisoxazolines,[3] the substrate scope has been limited owing
to the necessity of having a second metal coordination site
on the alkene substrate. Recently, K�ndig and co-workers
reported a ruthenium catalyst that appeared to overcome
this limitation, but the substrate scope was still very restrict-
ed.[4] In addition to cycloadditions, a catalytic asymmetric
cyclization of b,g-unsaturated oximes has been reported,[5]

but only modest selectivities have been attained with this
method so far. Herein, we report a new catalytic enantiose-
lective method to prepare 5-substituted 2-isoxazolines that
applies a small organic catalyst as the source of chirality and
enables the use of different a,b-unsaturated aldehydes as
starting materials.

Recently, we disclosed a reaction for the preparation of 3-
unsubstituted 2-isoxazolines in which aniline salts such as 3
(Scheme 1) catalyzed the condensation of a,b-unsaturated
aldehydes and oximes to produce these rare heterocycles.[6]

Access to these ring systems through, for example, 1,3-dipo-
lar cycloadditions, is difficult because fulminic acid[7] or pre-
generated silyl nitronates[8] are required as the dipolarophile
components.

We first hypothesized that this reaction proceeded
through an oxime conjugate addition/transoximation cas-
cade and that the catalyst would accelerate both steps in
this sequence. Support for this order of events was obtained
from 1H NMR spectroscopy experiments. When a mixture
of crotonaldehyde (1 a) and anisaldehyde oxime (7) was
treated with the trifluoroacetic acid (TFA) salt of 5, the con-
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Scheme 1. Mechanistic hypothesis for the racemic formation of 2-isoxazo-
lines. For previous work see reference [6].
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version of the aldehyde to 2-isoxazoline (4 a) appeared to be
preceded by the formation of the conjugate addition inter-
mediate 8 (Figure 1). Our double iminium catalytic hypothe-

sis was further supported by Jørgensen, who reported an
iminium-catalyzed asymmetric conjugate addition of oximes
to aldehydes by using catalyst 6,[9] and by Dawson and
Jencks, who described the use of aniline catalysis in oxime
ligation and semicarbazone formation reactions.[10]

However, to our disappointment, we were not able to pro-
duce optically active 2-isoxazolines by using our method and
chiral catalysts 5 or 6.[11] With catalyst 5, only racemic 2-is-ACHTUNGTRENNUNGoxazolines were obtained when moderately strong acids
such as TFA or diphenylphosphate (DPP) were used as co-
catalysts. In contrast, catalyst 6 was considerably less effec-
tive for this transformation in combination with TFA or
DPP. With weaker acids such as chloroacetic acid as cocata-
lysts, compound 5 and a number of different N-alkylanilines
were able to catalyze the first step of the reaction, the con-
jugate addition reaction of an oxime to the unsaturated al-
dehyde, but the rate of cyclization was retarded.

These results, however, did not explain why the 2-isoxazo-
lines obtained with 5·TFA were almost completely racemic.
We hypothesized that any initially generated enantiomeric
excess (ee) might be lost because the first step is likely to be
reversible and the second step, the cyclization step, is rela-
tively slow compared with the conjugate addition. In this
case, thermodynamic equilibrium is reached with regard to
the first step before the cyclization occurs, and thus, the
product is obtained as a racemic mixture.[12] However, with
aliphatic oximes, the rate of cyclization is faster, and in
some cases no conjugate addition intermediate can be de-

tected in the 1H NMR spectra. In these cases, it is unlikely
that the complete lack of enantioselectivity could be ex-
plained by the difference in the reaction rates. At this point,

we were uncertain whether our
initial hypothesis, the double
iminium activation mechanism,
was operating at all in this reac-
tion.

Interestingly, when a mixture
of aldehyde 1 b and oxime 10
was treated with a catalytic
amount of N-methylaniline, no
reaction could be observed. In-
stead, upon addition of differ-
ent acid catalysts to the reac-
tion mixture, the 2-isoxazoline
product was generated accord-
ing to the plots shown in
Figure 2. The sigmoidal shape
of the conversion plot implies
that a new, potent catalyst is
generated during an induction
period. Both the length of this
induction period and the poten-
cy of the catalytic species
depend on the acid strength,
and a positive correlation be-

tween reaction rate and the acid strength was observed.[13]

These results suggested that the presence of a strong acid in
the reaction mixture also induced the formation of similar
catalytic species in the reactions catalyzed by 5, and that

Figure 1. Conversion of 1a to 2-isoxazoline in CDCl3 in the presence of the TFA salt of 5. Ar= p-methoxy-
phenyl (*: 1a, &: intermediate, and ~: product).

Figure 2. Acid-induced catalysis of 2-isoxazoline formation (*: trichloro-
acetic acid, ~: diphenyl phosphate, &: TFA, &: bis(nitrophenyl)phosphate,
^: methanesulfonic acid, *: p-TsOH, � : dichloroacetic acid, and ~:
chloroacetic acid).
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this unknown species was probably responsible for the pro-
duction of the racemic products.

Although the identity of the intervening catalyst remains
unknown, the acid experiment also raised the question of
whether the 2-isoxazoline formation was actually dependent
on the acidity of the medium. Accordingly, we analyzed the
effect of different catalysts on the cyclization step. To gener-
ate the delicately unstable conjugate addition intermediates,
we used the commercially available, polystyrene-bound N-
benzylaniline base along with chloroacetic acid as the cata-
lyst. This system enabled us to remove the catalyst compo-
nents together with the majority of the oxime starting mate-
rial from the reaction mixture by simple filtration through a
pad of basic alumina. Although only approximately 25 %
conversion to adduct 13 was obtained, it could be reliably
cyclized to the corresponding isoxazoline 4 b with different
acid catalysts. Strong acids such as DPP displayed the fastest
rates for the cyclization step (Figure 3).

Importantly, salt 3 turned out to be a less effective cata-
lyst for the cyclization step than any of the acids tested,
whereas N-methylaniline alone was totally inactive. The suc-
cess of the aniline salts as a catalyst in the reaction can be
accounted for by the relatively high acidity of these salts
combined with their ability to catalyze the conjugate addi-
tion step.[14]

Taken together, these results suggested a two-stage ap-
proach to the catalytic asymmetric synthesis of 2-isoxazo-

lines. In the first stage, a mild, enantioselective catalyst
should be used to promote the conjugate addition step with
a hydrolytically labile oxime unit. In the second stage, a
rapid quench with a strong acid stops the conjugate addition
and promotes fast cyclization to the 2-isoxazolines.[15] For
the first stage, we used a modification of the Jørgensen
oxime conjugate addition protocol.[9] Pleasingly, this hypo-
thesis was proven experimentally. Thus, treatment of alde-
hydes with acetone oxime, together with catalytic amounts
of 6 and PhCOOH in toluene at 0 8C for 3.5 h, and subse-
quent brief treatment of the reaction mixture with either
2.3 m H2SO4 in MeOH or a mixture of aqueous HCl in THF
at 0 8C afforded the desired isoxazolines in moderate yields
and high enantioselectivities (Table 1).[16,17]

The isolated yields of this process appear to be limited by
the competing decomposition of the starting materials in the
process, as well as the Keq value of the initial addition
step.[17] Thus, further conjugation in the aldehyde completely

suppresses the reaction, and no
reaction was observed with cin-
namaldheyde. Steric bulk also
slightly lowers the yield
(Table 1, entry 3). Aside from
the previous examples, the sub-
strate scope seems to be fairly
broad and, generally, all alde-
hydes that withstand the cycli-
zation conditions are viable
substrates. Aldehydes that have
potentially acid-labile PMB or
Cbz groups (Table 1, entries 5,
8, and 9) and unsaturated esters
(Table 1, entry 7) are readily
tolerated. The use of acetone
oxime facilitates rapid cycliza-
tion as well as easy removal of
the ketone byproduct, and re-
sults in high ee values. The al-
dehyde oxidation level is pre-
served during the process, in
contrast with previously report-
ed approaches to asymmetric
conjugate addition of oxygen
nucleophiles.[9a,19]

In conclusion, after the analy-
sis of the factors responsible for
catalysis of each step of our
oxime-transfer-based synthesis

of 2-isoxazolines, we have developed a general catalytic pro-
tocol for the asymmetric synthesis of 2-isoxazolines by using
the Jørgensen catalyst (6) as the source of enantioselectivity.
The process considerably extends the usefulness of the origi-
nal racemic process and creates a catalytic entry to a class
of compounds that has not been easily available before. Fur-
ther studies to explore the limits of the process and the
chemistry of the products are underway.

Figure 3. Conversion of intermediate 13 to 4 b in the presence of different acid catalysts. 1H NMR spectroscop-
ic yields are based on the initial concentration of intermediate 13. The acid-induced formation of 13 from the
remaining starting materials 1b and 2 is responsible for conversions that are higher than 100 %. The yields
were determined by 1H MNR spectroscopy (*: p-TsOH, � : methanesulfonic acid, ~: diphenylphosphate, ^:
TFA, &: N-methylanilinium DPP, and *: dichloroacetic acid).
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Experimental Section

General procedure for the asymmetric synthesis of 2-isoxazolines with
the MeOH/H2SO4 cyclization conditions : The aldehyde (0.5 mmol,
100 mol %) and acetone oxime (110 mg, 1.5 mmol, 300 mol %) were
added to a solution of amine 6 (29.9 mg, 0.05 mmol, 10 mol %) and ben-
zoic acid (6.1 mg, 0.05 mmol, 10 mol %) in toluene (0.25 mL) at 0 8C.
After stirring the reaction mixture at 0 8C for the indicated period of
time, a precooled (0 8C) solution of H2SO4 (0.21 mL) in MeOH (1 mL,
2.3m H2SO4) was added and the resulting solution was stirred for 15 min
at 0 8C. A saturated aqueous solution of NaHCO3 (1 mL) was added and
the mixture was extracted with EtOAc (2 � 5 mL). The layers were sepa-
rated and, if necessary (as indicated by TLC), the aqueous layer was
completely basified by the addition of a saturated aqueous solution of
NaHCO3, then back-extracted with EtOAc. The combined organic ex-
tracts were dried (Na2SO4), and concentrated. The residue was purified
by flash chromatography to afford the products.
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1a
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