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AbstractÐ1,3-Dipolar cycloadditions of mesitonitrile oxide to Baylis±Hillman adducts (b-hydroxy-a-methylene esters) proceed regio-
selectively in good yields. Addition of Grignard reagent reverses the diastereoselectivity of the cycloaddition. Microwave irradiation strongly
accelerates the reaction with only a small effect on its diastereoisomeric excess. q 2000 Elsevier Science Ltd. All rights reserved.

Introduction

The 1,3-dipolar cycloaddition of alkenes to nitrile oxides is
one of the fundamental reactions since the isoxazolines
formed are very useful `building blocks' in organic
synthesis.1 They can be selectively reduced to 1,3-amino-
alcohols,2,3 b-hydroxycarbonyls4 and a,b-unsaturated
carbonyls.5 It is also possible to replace hydrogen in position
3 of the isoxazoline ring by an electrophile which extends
the scope of using isoxazolines as intermediates in organic
synthesis.6

If a chiral alkene is used as the dipolarophile, two diastereo-
isomers can be formed by 1,3-dipolar cycloaddition.
Diastereoselectivity of the cycloadditions depends mainly
upon the nature of dipole and dipolarophile and several
models, which allow the prediction of the main dia-
stereomer, have been published.7 However, if 1,3-dipolar
cycloaddition is used in any synthesis of a complex target
molecule, change or even reversal of the ratio of diastereo-
isomers would be desirable. Although Lewis acids are often
used as catalysts in Diels±Alder cycloadditions, use of
Lewis acids in 1,3-dipolar cycloaddition of nitrile oxides
is the subject of only few reports to the date.8±10 Kanemasa
et al. have controlled the diastereoselectivity of the cyclo-
addition of nitrile oxides to electron rich alkenes
(allylic alcohols) in the presence of a Mg(II) cation.8,9

They proposed the transition state in which magnesium

co-ordinates both nitrile oxide and allylic alcohol
(Scheme 1). The transition state containing less steric
hindrance between the R1 group and the terminal hydrogen
of the CvC bond should be favoured.8

In this paper, we report the ability of Mg(II) to reverse the
diastereoselectivity of nitrile oxide 1,3-dipolar cyclo-
addition and the detailed investigation of the effect of the
addition of methylmagnesium bromide upon the induced
stereoselectivity in cycloadditions of mesitonitrile oxide
with electron de®cient dipolarophiles; our preliminary
results in this area have been the subject of a recent
communication.10

Results and Discussion

Baylis±Hillman adducts 1a±f were chosen as electron
de®cient dipolarophiles. Baylis±Hillman adducts 1a,b
were obtained by a ®ve step procedure from commercial
available d-manitol;11 whereas adducts 1c±f were prepared
via the Baylis±Hillman reaction from the appropriate alde-
hyde and methyl acrylate or acrylonitrile, respectively.12,13

The cycloadditions of mesitonitrile oxide (4) with 1a±e are
completely regioselective with only the 5-substituted
isoxazolines 2 and 3 being isolated irrespective of the
presence or absence of the Mg(II) additive. Changing the
solvent, reaction temperature or microwave irradiation
has no in¯uence on the regioselectivity of the reaction
(Scheme 2).

The cycloadditions were ®rst carried out in the absence of
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any Lewis acid. In the case of isopropyl and cyclohexyl
Baylis±Hillman adducts 1d,e single diastereoisomers 3d,e
were detected (entries 11 and 15, Table 1) in the crude
reaction mixtures. Cycloadditions of mesitonitrile oxide
and remaining Baylis±Hillman adducts 1a±c formed
mixtures of diastereoisomers (de ranging from 56 to 4%,
entries 1, 4, 6 and 8, Table 1). Isoxazolines 3a±c were
formed as a main product. The lowest diastereomeric
excesses have been observed in the case of phenyl substi-
tuted adduct 1c (de�16%, resp 4%, entries 6 and 8, Table
1). Although Baylis±Hillman adducts 1a and 1b are
epimers, ratios of diastereoselective isoxazolines 2a:3a
and 2b:3b are similar (22:78 for 1a and 26:74 for 1b, entries
1 and 4, Table 1). Therefore we gather that the stereogenic
centre in b position has only a small in¯uence on the ratio of
formed isomers compared to the stereogenic centre in a
position.

The addition of a Grignard reagent (MeMgBr) as a Lewis
acid affects and can even reverse the sense of induced
stereoselectivity: .95:,5 for 1a and 1d (entry 2 and 12)
or 85:15 for 1b (entry 5). The stereochemical outcome of the

cycloaddition in the absence of Grignard reagent has been
rationalised in terms of the presence of hydrogen bonding.7

The reversal of the stereoselectivity presumably results
from the imposition of a chelated transition state with a
geometry different from a `non-chelated' transition state
(Scheme 3).

The addition of Grignard reagent (MeMgBr in toluene/THF
3:1, 1 equiv.) to Baylis±Hillman adducts 1a±e at 2788C
produces magnesium alkoxides. We presume that
magnesium is co-ordinated to the alkoxide as well as to
the methoxycarbonyl group and therefore a magnesium
alkoxide has a different conformation compared to the
free Baylis±Hillman adduct. Mesitonitrile oxide in
the presence of the Grignard reagent approaches from the
sterically less hindered face to produce isoxazolines 3 as
main products (Scheme 3). This means that the addition
of Grignard reagent reverses diastereoselectivity of the
1,3-dipolar cycloaddition of nitrile oxide and a-hydroxy-
alkenes. To the best of our knowledge this unusual reversal
of stereoselectivity of the nitrile oxide cycloaddition in the
presence of Lewis acids is a very rare phenomenon; having

Scheme 1.

Scheme 2.
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been observed previously in dipolar cycloaddition of nitrile
oxides by Kanemasa8 and recently by Page.9

The most successful example of reversal of diastereo-
selectivity was found in the cycloaddition to the isopropyl
Baylis±Hillman adduct 1d. With the addition of Mg(II) only
isoxazoline 2d was detected in the crude reaction mixture.
On the other hand, in the absence of Mg(II), only isomer 3d
was detected (entries 11 and 12, Table 1). This high dia-
stereoselectivity is probably related to bulkiness of the
isopropyl group in the dipolarophile (group R in models
from Scheme 3).

Diastereomeric excesses of the cycloaddition of remaining
Baylis±Hillman adducts 1a±c,e with mesitonitrile oxide (4)
in the presence of Mg(II) additive were found to be in the
range of .90% for adduct 1a (entry 2, Table 1) to 22% for
adduct 1c (entry 7, Table 1). Yields of the cycloaddition in
the presence of Mg(II) are smaller (36±62%, entries 2, 5, 7,
12 and 16, Table 1) when compared to yields of the reaction
performed without the Mg(II) additive (56±99%, entries 1,
4, 6, 11 and 15, Table 1).

Although mesitonitrile oxide shows moderate reactivity in
the catalysed reactions at room temperature, longer reaction
times are needed for the completion (24±78 h, entries 2, 5,

7, 12 and 16, Table 1). Acceleration of the reaction by
microwave irradiation can be expected when polar
molecules join the reaction.14,15 Our attempts to accelerate
the cycloaddition by microwave irradiation were successful.
The original solvent (dichloromethane or toluene) was
changed to non-¯ammable chlorobenzene because of its
higher boiling point. In the case of chelated cycloaddition
provided under the microwave irradiation conditions, the
alkoxymagnesium salt was prepared at 2208C; subse-
quently mesitonitrile oxide was added and the arising
homogenous solution was irradiated. Indeed, microwave
irradiation decreased reaction times of the chelated as well
as non-chelated cycloadditions. For example, in the case of
the chelated cycloaddition of dipolarophile 1a, the reaction
time decreased from 48 h to 4 min (entries 2 and 3, Table 1)
but diastereomeric excess also dropped from .90 to 56%.
In the case of dipolarophile 1c, microwave irradiation
slightly increased diastereomeric excess from 22 to 30%
(entries 7 and 9, Table 1) and reaction time also decreased
from 24 h to 4 min. Reaction rate of the non-chelated
cycloaddition was also increasedÐBaylis±Hillman adduct
1c reacted 4 h at 808C without irradiation, whereas the same
cycloaddition under microwave irradiation condition took
only 90 s (entries 6 and 10, Table 1). In this case, the dia-
stereomeric excess was nearly unchanged (16 vs 14%,
respectively).

Intending to investigate the chelated cycloaddition under
microwave irradiation conditions at a low temperature, we
changed from chlorobenzene as the solvent to non-polar
tetrachloromethane (entry 13, Table 1). By the standard
procedure, the magnesium alkoxide was prepared from
Baylis±Hillman adduct 1d and the reaction mixture was
cooled to 2208C. Afterwards the mixture was microwave
irradiated for 20 s (1000 W). The temperature of the mixture
raised to 08C during irradiation and the mixture was subse-
quently cooled to 2208C. The whole procedure was
repeated until the reaction was over (TLC analysis). To
our surprise, a single isoxazoline 3d instead of expected
2d was isolated. The same product 3d was isolated when

Table 1. 1,3-Dipolar cycloaddition of mesitonitrile oxide to Baylis±Hillman adducts 1a±e

Entry Reactant Solventa Lewis acidb R. time R. temp. Yield (%) Ratio 2:3c

1 1a TOL ± 2 h 808C 89 22:78
2 1a DCM MeMgBr 48 h rt 50 .95:,5
3 1a CLB MeMgBr 4 min MWd 34 78:22
4 1b TOL ± 2 h 808C 92 26:74
5 1b DCM MeMgBr 43 h rt 62 85:15
6 1c TOL ± 4 h 808C 92 42:58
7 1c DCM MeMgBr 24 h rt 57 61:39
8 1c DCM ± 24 h rt 96 48:52
9 1c CLB MeMgBr 4 min MWd 40 70:30
10 1c CLB ± 1.5 min MWd 99 43:57
11 1d TOL ± 2 h 808C 99 ,5:.95
12 1d DCM MeMgBr 78 h rt 35 .95:,5
13 1d TCM MeMgBr 101£20 s 220±08Ce 59 ,5:.95
14 1d TCM ± 90 min MWd 46 ,5:.95
15 1e TOL ± 3 h 808C 56 ,5:.95
16 1e DCM MeMgBr 48 h rt 46 76:24

a TOL: toluene, CLB: chlorobenzene, DCM: dichloromethane, TCM: tetrachloromethane.
b 1 equiv. of MeMgBr was used.
c Determined by 1H NMR and/or 13C NMR of crude reaction mixture.
d Microwave irradiation.
e Reaction mixture was cooled to 2208C, irradiated for 20 s, subsequently cooled to 2208C. The procedure was repeated 101 times.

Scheme 3.
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reaction was realised without the presence of Mg(II) addi-
tive. In other words, this procedure results in the other
diastereoisomer compared to chelated cycloaddition
executed in dichloromethane (entry 12, Table 1). This fact
could be explained by the co-ordination of tetrachloro-
methane to Mg(II) and therefore the alkoxide cannot react
through the transition state depicted on Scheme 3. A similar
effect of THF has been previously found by Kanemasa et
al.8 in the cycloadditions of aromatic nitrile oxides to allylic
alcohols. As we expected, cycloaddition performed in tetra-
chloromethane without the addition of Mg(II) resulted in
isoxazoline 3d as a single product (entry 14, Table 1).

As mentioned above, Baylis±Hillman adduct 1d offered
products with the highest diastereoselectivity under chelated
as well as unchelated conditions (entries 11±14, Table 1).
To examine the in¯uence of an electron withdrawing group
attached to CvC bond, nitrile analogue 1f was prepared and
its cycloaddition to mesitonitrile oxide was performed
(Scheme 4).

The Baylis±Hillman adduct 1f was chosen since we suppose
that there is sterical hindrance to overlap of empty orbitals

of Mg with a nitrogen sp orbital from a nitrile group along
with an sp3 orbital of oxygen from an alkoxide group of
dipolarophile 1f.

Indeed, diastereomeric excesses of the cycloaddition of the
dipolarophile 1f decreased compared to the dipolarophiles
1d (entries 4 and 2, Table 2). In the case of non-chelated
cycloaddition, diastereomeric excess decreased from .90
to 34% (entries 1 and 3, Table 2) which is probably a result
of smaller steric demands of the CN group compared to the
CO2CH3 group. In the case of chelated cycloaddition dia-
stereomeric excess also dropped from .90 to 68% (entry 2
and 4, Table 2). This fact could be also caused by the
impossibility of the realisation of the transition state
depicted on Scheme 3 because of its sterical demand as
has been mentioned above. However, even in the case of
nitrile Baylis±Hillman adduct 1f, the addition of Mg(II)
reverses stereoselectivity of 1,3-dipolar cycloaddition
(entries 3 and 4, Table 2). In this case, transition state
proposed by Kanemasa et al. could be applied (Scheme 1).

The absolute con®guration of the cycloadduct 2b has been
determined directly by X-ray diffraction study (Fig. 1).

Scheme 4.

Table 2. 1,3-Dipolar cycloaddition of mesitonitrile oxide to Baylis±Hillman adducts 1d,f

Entry EWG Solventa Lewis acidb R. time R. temp. Yield (%) Ratio 2:3c

1 CO2CH3 TOL ± 2 h 80 99 ,5:.95
2 CO2CH3 DCM MeMgBr 78 h rt 35 .95:,5
3 CN TOL ± 3 h 80 71 33:67
4 CN DCM MeMgBr 48 h rt 48 84:16

a TOL: toluene, DCM: dichloromethane.
b 1 equiv. of MeMgBr was used.
c Determined by 1H NMR and/or 13C NMR of crude reaction mixture.

Figure 1. X-Ray analysis of 2b and 5.20
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Structure of the cycloadduct 3a is known according to
knowledge of the structure of its lactonisation product 5
(Scheme 5), which was also determined by an X-ray diffrac-
tion study (Fig. 1). Some spiroisoxazolines occur naturally
and they are biologically active, for example, Araplysillins
are inhibitors of ATPase.16 Therefore we have lactonised
isoxazolines 2a and 3a in 70% aqueous acetic acid
(Scheme 5) when only 5-membered spirolactones 5 and 6
were formed.

The absolute con®guration of cycloadducts 2a and 3b is
proposed to be complementary according to the knowledge
of structures of their diastereoisomers 2b and 3a, respec-
tively. Structures of the other diastereoisomers 2c±f and
3c±f were assigned following the analogy with isoxazolines
2a,b and 3a,b. Chemical shifts of carbon at C-5 of the
isoxazoline ring in the 13C NMR spectra are lower for
isomers 2 compared to the diastereoisomers 3 (Table 3).17

Conclusion

1,3-Dipolar cycloadditions of mesitonitrile oxide to Baylis±
Hillman adducts 1a±f proceed regioselectively irrespective
of the presence or absence of the Mg(II) additive. Addition
of Grignard reagent reverses diastereoselectivity of cyclo-
addition. The reversal of the stereoselectivity presumably
results from the formation of a chelated transition state
with a geometry different from a `non-chelated' transition
state. Magnesium is co-ordinated to the alkoxide oxygen as
well as to the methoxycarbonyl group and therefore a
magnesium alkoxide has a different conformation compared
to free Baylis±Hillman adduct. Mesitonitrile oxide in the
presence of the Grignard reagent approaches from the
sterically less hindered face to produce isoxazolines 3 as
main products (Scheme 3). Microwave irradiation strongly
accelerates the reaction but has only a small effect concern-
ing the diastereoisomeric excess.

Experimental

1H NMR spectra were recorded at 300 MHz and 13C NMR
spectra at 75 MHz on a Varian VXR 300 spectrometer at
293 K in CDCl3 solution, unless otherwise stated. Chemical
shifts are reported in ppm (d) down®eld from TMS and
coupling constants (J) are given in Hz. Optical rotations
were measured on a IBZ Messtechnik PolarÐLmP instru-
ment at the sodium D line (589 nm). Elemental analyses
were obtained on a EA 1108ÐElemental Analyzer (Carlo
Erba) instrument. Melting points were determined on a
Ko¯er hot plate apparatus and are uncorrected. Commercial
reagents were puri®ed before use. Flash chromatography
was carried out on silica 60 (40±60 mm, Merck). Eluents
are indicated in the text.

Microwave irradiated cycloadditions were executed in a
domestic microwave oven in an open reaction vessel with-
out the possibility of stirring, temperature regulation, the
use of a cooler or the possibility to work under argon
atmosphere.

1,3-Dipolar cycloadditions of Baylis±Hillman adducts
1a±f and mesitonitrile oxide (4). General procedures

Method A: non-chelated cycloaddition. Mesitonitrile
oxide (4) (161 mg, 1 mmol) and appropriate Baylis±
Hillman adduct 1 (1 mmol) are dissolved in toluene (5 ml)
and the mixture was stirred at 808C until the reaction was
completed (TLC monitoring). The solvent was evaporated
to dryness in vacuum. Diastereoisomers were isolated by
column chromatography. Yields, ratio of diastereoisomers
and reaction times are summarised in the Tables 1 and 2,
respectively. Chromatography conditions and physical
properties of products are shown below.

Method B: non-chelated cycloaddition with microwave
irradiation. Mesitonitrile oxide (4) (161 mg, 1 mmol) and
appropriate Baylis±Hillman adduct 1 (1 mmol) were
dissolved in chlorobenzene (10 ml) and the mixture was
irradiated in an open ¯ask in a domestic microwave oven
(500 W) until the reaction was completed (TLC moni-
toring). The work-up and identi®cation of the reaction
mixture accorded to method A above.

Scheme 5.

Table 3. Chemical shifts of carbon in the position 5 of the isoxazoline ring
in the 13C NMR spectra

a b c d e f

Isomers 2a±f 88.6 88.7 89.8 90.6 90.6 82.2
Isomers 3a±f 90.3 88.9 91.9 91.6 91.3 82.9
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Method C: chelated cycloaddition. To the solution of
Baylis±Hillman adduct 1 (1 mmol) in dry CH2Cl2 (5 ml)
under argon atmosphere the solution of methylmagnesium
bromide (1.4 M in toluene/THF 3:1, 0.75 ml, 1 mmol) was
added dropwise at 2788C. The mixture was stirred for
10 min and the solution of mesitonitrile oxide (4)
(161 mg, 1 mmol) in CH2Cl2 (5 ml) was added dropwise.
The resulting homogenous mixture was stirred for an
additional 20 min at 2788C, afterward the temperature
was allowed to rise and the reaction mixture was stirred
until reaction was completed (TLC monitoring) at room
temperature. Reaction was quenched by 15 ml of saturated
aqueous solution NH4Cl (20 min), organic phase was sepa-
rated and aqueous layer was extracted 3£10 ml CH2Cl2.
Organic layers were dried (Na2SO4) and solvent was
evaporated in vacuum. The work-up and identi®cation of
the reaction mixture accorded to method A above.

Method D: chelated cycloaddition with microwave
irradiation. To the solution of Baylis±Hillman adduct 1
(1 mmol) in dry chlorobenzene (5 ml) under argon
atmosphere the solution of methylmagnesium bromide
(1.4 M in toluene/THF 3:1, 0.75 ml, 1 mmol) was added
dropwise at 2208C. The homogenous mixture was stirred
for 10 min and the solution of mesitolnitrile oxide (4)
(161 mg, 1 mmol) in chlorobenzene (5 ml) was added drop-
wise. The mixture was stirred for an additional 10 min. at
2208C, afterward the mixture was microwave irradiated
(500 W) in a domestic microwave oven until the reaction
was completed (TLC monitoring). Reaction was quenched
by 15 ml of saturated aqueous solution NH4Cl (20 min),
organic phase was separated and aqueous layer was
extracted 3£10 ml CH2Cl2. Organic layers were dried
(Na2SO4) and solvent was evaporated in vacuum. The
work-up and identi®cation of the reaction mixture accorded
to method A above.

(1 0R,2 0R,5S) Methyl 5-(2,3-O-isopropylidene-1,2,3-tri-
hydroxypropyl)-3-(2,4,6-trimethylphenyl)isoxazoline-5-
carboxylate (3a). Product was isolated by ¯ash chroma-
tography (silica gel 40±63 mm, hexanes/ethyl acetate 5:1).
Mp�119±1208C; [M1z]�377. For C20H27NO6, calcd C
63.64, H 7.21, N 3.71; found C 63.57, H 7.21, N 3.71%.
1H NMR (CDCl3), d : 6.89 (2H, s, HAr); 4.31 (1H, d,
J1 0,2 0�8.6 Hz, H-1 0); 4.18 (1H, dd, J2 0 ,3 0a�6.5 Hz,
J3 0a,3 0b�8.7 Hz, H-3 0a); 4.07 (1H, dd, J2 0,3 0b�5.1 Hz,
J3 0a,3 0b�8.7 Hz, H-3 0b); 3.95 (1H, ddd, J2 0 ,3 0b�5.1 Hz,
J2 0,3 0a�6.5 Hz, J

1 0 ,2 0
�8.7 Hz, H-2 0); 3.82 (3H, s, CO2CH3);

3.80 (1H, d, J4a,4b�17.7 Hz, H-4a); 3.44 (1H, d,
J4a,4b�17.7 Hz, H-4b); 2.29 (3H, s, CH3-para); 2.23 (6H,
s, CH3-ortho); 1.37, 1.29 (2£3H, 2£s, CH3CCH3).

13C
NMR (CDCl3), d : 169.9 (CvO); 159.0 (C-3); 139.1,
136.7, 125.2 (CAr); 128.4 (CArH); 110.0 (CH3CCH3); 90.3
(C-5); 74.9, 72.7 (C-1 0, C-2 0); 67.8 (C-3 0); 52.9 (OCH3);
40.2 (C-4); 26.2, 25.0 (CH3CCH3); 21.1 (CH3-para); 19.5
(CH3-ortho).

(1 0R,2 0R,5R) Methyl 5-(2,3-O-isopropylidene-1,2,3-tri-
hydroxypropyl)-3-(2,4,6-trimethylphenyl)-isoxazoline-5-
carboxylate (2a). The product was isolated by ¯ash
chromatography (silica gel 40±63 mm, hexanes/ethyl
acetate 4:1). Mp�154±1558C; [a]D

25�27.95 (Z�
9.942 mg/ml; CHCl3); [M1z]�377. For C20H27NO6, calcd

C 63.64, H 7.21, N 3.71; found C 63.50, H 7.22, N
3.68%. 1H NMR (CDCl3), d : 6.88 (2H, s, HAr); 4.26±4.22
(1H, m, H-2 0); 4.19 (1H, dd, J2 0 ,3 0a�6.0 Hz, J3 0a,3 0b�8.7 Hz,
H-3 0a); 4.10 (1H, dd, J2 0 ,3 0b�5.4, J3 0a,3 0b�8.7 Hz, H-3 0b);
4.03 (1H, d, J1 0 ,2 0�7.5 Hz, H-1 0); 3.83 (3H, s, OCH3); 3.79
(1H, d, J4a,4b�18.3 Hz, H-4a); 3.36 (1H, d, J4a,4b�18.0 Hz,
H-4b); 2.28 (3H, s, CH3-para); 2.20 (6H, s, CH3-ortho);
1.40, 1.34 (2£3H, 2£s, CH3CCH3).

13C NMR (CDCl3), d :
171.1 (CvO); 158.1 (C-3); 139.2, 136.6, 125.0 (CAr); 128.5
(CArH); 109.8 (CH3CCH3); 88.6 (C-5); 75.4, 74.2 (C-1 0, C-
2 0); 67.0 (C-3 0); 52.9 (OCH3); 46.5 (C-4); 26.4, 25.2
(CH3CCH3); 21.2 (CH3-para); 19.6 (CH3-ortho).

(1 0S,2 0R,5R) Methyl 5-(2,3-O-isopropylidene-1,2,3-tri-
hydroxypropyl)-3-(2,4,6-trimethylphenyl)-isoxazoline-
5-carboxylate (3b). The product has not been isolated as
diastereomeric pure. Following signals came from enriched
mixture of diastereoisomers. 13C NMR (CDCl3), d : 170.9
(CvO); 158.6 (C-3); 139.1, 136.5, 125.1 (CAr); 128.5
(CArH); 109.9 (CH3CCH3); 88.7 (C-5); 74.1, 72.1 (C-1 0,
C-2 0); 66.2 (C-3 0); 53.0 (OCH3); 44.7 (C-4); 26.0, 25.3
(CH3CCH3); 21.0 (CH3-para); 19.5 (CH3-ortho).

(1 0S,2 0R,5S) Methyl 5-(2,3-O-isopropylidene-1,2,3-tri-
hydroxypropyl)-3-(2,4,6-trimethylphenyl)isoxazoline-5-
carboxylate (2b). The product was isolated by ¯ash
chromatography (silica gel 40±63 mm, hexanes/ethyl
acetate 4:1) followed by crystallisation from n-hexane.
Mp�112±1148C; [M1z]�377. For C20H27NO6, calcd C
63.64, H 7.21, N 3.71; found C 63.71, H 7.24, N 3.79%.
1H NMR (CDCl3), d : 6.90 (2H, s, HAr); 4.43 (1H, ddd,
J1 0 ,2 0�2.2 Hz, J2 0 ,3 0a�6.7 Hz, J2 0 ,3 0b�7.7 Hz, H-2 0); 4.21
(1H, d, J

1 0 ,2 0
�2.2 Hz, H-1 0); 4.18 (1H, dd, J2 0 ,3 0a�6.7 Hz,

J3 0a,3 0b�8.3 Hz, H-3 0a); 3.92 (1H, dd, J2 0 ,3 0b�7.7 Hz,
J3 0a,3 0b�8.3 Hz, H-3 0b); 3.89 (3H, s, OCH3); 3.77 (1H, d,
J4a,4b�18.3 Hz, H-4a); 3.67 (1H, d, J4a,4b�18.3 Hz, H-4b);
2.29 (3H, s, CH3-para); 2.25 (6H, s, CH3-ortho); 1.45, 1.39
(2£3H, 2£s, CH3CCH3).

13C NMR (CDCl3), d : 171.1
(CvO); 158.3 (C-3); 139.1, 136.6, 125.1 (CAr); 128.5
(CArH); 110.3 (CH3CCH3); 88.9 (C-5); 73.4, 70.1 (C-1 0,
C-2 0); 67.3 (C-3 0); 53.2 (OCH3); 43.1 (C-4); 26.2, 25.5
(CH3CCH3); 21.1 (CH3-para); 19.5 (CH3-ortho).

(1 0Sp,5Rp) Methyl 5-(phenylhydroxylmethyl)-3-(2,4,6-
trimethylphenyl)-isoxazoline-5-carboxylate (3c). The
mixture of diastereoisomers 2c and 3c was isolated by
¯ash chromatography (silica gel 40±63 mm, hexanes/ethyl
acetate 5:1). Following NMR signals came from enriched
mixture of diastereoisomers. Melting point of diastereo-
isomer mixture was 135±1378C. For C21H23NO4, calcd C
71.37, H 6.56, N 3.96; found C 71.20, H 6.61, N 3.97%. 1H
NMR (CDCl3), d : 7.54±7.25 (5H, m, HAr, Ph); 6.85 (2H, s,
HAr, Mst); 5.38 (1H, s, CHOH); 3.84 (3H, s, OCH3); 3.44 (2H,
s, H-4); 3.15 (1H, brs, OH); 2.26 (3H, s, CH3-para); 2.12
(6H, s, CH3-ortho). 13C NMR (CDCl3), d : 170.5 (CvO);
158.5 (C-3); 139.0, 136.9, 136.6, 125.0 (CArH); 128.6,
128.3, 128.2, 126.8 (CAr); 91.9 (C-5); 73.9 (CHOH); 53.0
(OCH3); 41.6 (C-4); 21.1 (CH3-para); 19.4 (CH3-ortho).

(1 0Sp,5Sp) Methyl 5-(phenylhydroxylmethyl)-3-(2,4,6-
trimethylphenyl)isoxazoline-5-carboxylate (2c). Follow-
ing NMR signals came from an enriched mixture of
diastereoisomers. 1H NMR (CDCl3), d : 7.54±7.25 (5H, m,
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HAr, Ph); 6.77 (2H, s, HAr, Mst); 5.38 (1H, s, CHOH); 3.84 (3H,
s, OCH3); 3.58 (1H, d, J4a,4b�18.0 Hz, H-4a); 3.31 (1H, d,
J4a,4b�18.0 Hz, H-4b); 3.07 (1H, brs, OH); 2.22 (3H, s, CH3-
para); 1.82 (6H, s, CH3-ortho). 13C NMR (CDCl3), d : 171.7
(CvO); 157.6 (C-3); 138.9, 137.7, 136.6, 125.0 (CArH);
128.6, 128.4, 128.3, 127.5 (CAr); 89.8 (C-5); 73.1
(CHOH); 53.1 (OCH3); 43.4 (C-4); 21.0 (CH3-para); 18.9
(CH3-ortho).

(1 0Sp,5Rp) Methyl 5-(1-hydroxy-2-methylpropyl)-3-
(2,4,6-trimethylphenyl)isoxazoline-5-carboxylate (3d).
The product was isolated by ¯ash chromatography (silica
gel 40±63 mm, hexanes/ethyl acetate 10:1). Mp�144±
1458C; [M1z]�319. For C18H25NO4, calcd C 67.69, H
7.89, N 4.39; found C 67.83; H 8.06; N 4.36%. 1H NMR
(CDCl3), d : 6.9 (2H, s, HAr); 4.1 (1H, d, J1 0 ,2 0�5.1 Hz, H-1 0);
3.8 (3H, s, OCH3); 3.7 (1H, d, J4a,4b�17.4 Hz, H-4a); 3.5
(1H, d, J4a,4b�17.4 Hz, H-4b); 2.6 (1H, brs, OH); 2.3 (3H, s,
CH3-para); 2.2 (6H, s, CH3-ortho); 1.7 (1H, m, H-2 0); 1.0
(3H, d, J�6.9 Hz, CHCH3); 0.9 (3H, d, J�7.2 Hz, CHCH3).
13C NMR (CDCl3), d : 171.1 (CvO); 160 (C-3); 139.0,
136.7, 125.5 (CAr); 128.4 (CArH); 91.6 (C-5); 75.8 (C-1 0);
53.0 (OCH3); 40.7 (C-4); 30.2 (C-2 0); 21.1, 19.9, 19.6, 17.5
(CCH3).

(1 0Rp,5Rp) Methyl 5-(1-hydroxy-2-methylpropyl)-3-
(2,4,6-trimethylphenyl)isoxazoline-5-carboxylate (2d).
The product was isolated by ¯ash chromatography (silica
gel 40±63 mm, hexanes/ethyl acetate 10:1). Mp�117±
1188C; [M1z]�319. For C18H25NO4, calcd C 67.69, H
7.89, N 4.39; found C 67.75, H 8.01, N 4.27%. 1H NMR
(CDCl3), d : 6.88 (2H, s, HAr); 3.83±3.90 (4H, m, H-1 0,
OCH3); 3.73 (1H, d, J4a,4b�18.0 Hz, H-4a); 3.38 (1H, d,
J4a,4b�18.0 Hz, H-4b); 2.28 (3H, s, CH3-para); 2.21 (6H,
s, CH3-ortho); 2.1 (1H, brs, OH); 1.80±1.90 (1H, m,
H-2 0); 1.06 (3H, d, J�6.6 Hz, CHCH3); 1.03 (3H, d,
J�6.3 Hz, CHCH3).

13C NMR (CDCl3), d : 172.6 (CvO);
158.0 (C-3); 139.1, 136.6, 125.1 (CAr); 128.5 (CArH); 90.6
(C-5); 77.4 (C-1 0); 52.9 (OCH3); 47.9 (C-4); 31.2 (C-2 0);
21.1, 20.9, 19.5, 16.7 (CCH3).

(1 0Sp,5Rp) Methyl 5-(1-hydroxy-1-cyclohexylmethyl)-3-
(2,4,6-trimetylphenyl)isoxazoline-5-carboxylate (3e). The
product is isolated by ¯ash chromatography (silica gel
40±63 mm, hexanes/ethyl acetate 25:1). [M1z]�359. For
C21H29NO4, calcd C 70.17, H 8.13, N 3.90; found C
70.14, H 8.26, N 3.66%. 1H NMR (CDCl3), d : 6.88 (2H,
s, HAr); 4.07 (1H, d, J�5.4 Hz, CHOH); 3.84 (3H, s, OCH3);
3.67 (1H, d, J4a,4b�17.4 Hz, H-4a); 3.43 (1H, d,
J4a,4b�17.4 Hz, H-4b); 2.5 (1H, brs, OH); 2.28 (3H, s,
CH3-para); 2.22 (6H, s, CH3-ortho); 1.9±1.0 (11H, m,
Hcyclohexyl).

13C NMR (CDCl3), d : 171.0 (CvO); 159.1
(C-3); 139.0, 136.6, 125.4 (CAr); 128.4 (CArH); 91.3 (C-5);
75.5 (CHOH); 53.0 (OCH3); 40.9 (C-4); 40.0 (HOCHCH);
29.6, 27.9, 26.3, 26.0, 26.0 (CcyclohexylH2); 21.1 (CH3-para);
19.5 (CH3-ortho).

(1 0Rp,5Rp) Methyl 5-(1-hydroxy-1-cyclohexylmethyl)-3-
(2,4,6-trimethylphenyl)isoxazoline-5-carboxylate (2e).
The product was isolated by ¯ash chromatography (silica
gel 40±63 mm, hexanes/ethyl acetate 25:1). 1H NMR
(CDCl3), d : 6.88 (2H, s, HAr); 4.07 (1H, d, J�7.2 Hz,
CHOH); 3.85 (3H, s, OCH3); 3.73 (1H, d, J4a,4b�18.0 Hz,

H-4a); 3.37 (1H, d, J4a,4b�18.0 Hz, H-4b); 2.3 (1H, brs,
OH); 2.28 (3H, s, CH3-para); 2.21 (6H, s, CH3-ortho);
2.1±1.0 (11H, m, Hcyclohexyl).

13C NMR (CDCl3), d : 172.7
(CvO); 158.0 (C-3); 139.1, 136.6, 126.3 (CAr); 128.5
(CArH); 90.6 (C-5); 77.3 (CHOH); 52.8 (OCH3); 47.6
(C-4); 40.0 (HOCHCH); 30.6, 27.2, 26.4, 26.1, 26.0
(CcyclohexylH2); 21.1 (CH3-para); 19.5 (CH3-ortho).

(5Sp,1 0Sp) 5-(1-Hydroxy-2-methylpropyl)-3-(2,4,6-trimethyl-
phenyl)isoxazoline-5-carbonitrile (3f). The product was
isolated by ¯ash chromatography (silica gel 40±63 mm,
hexanes/ethyl acetate 15:1). Mp�145±1478C; [M1z]�286.
For C17H22N2O4, calcd C 71.30, H 7.74, N 9.78; found C
71.38, H 7.82, N 10.00%. 1H NMR (CDCl3), d : 6.91 (2H, s,
HAr); 3.91 (1H, d, J1 0,2 0�3.9 Hz, H-1 0); 3.76 (1H, d,
J4a,4b�17.7 Hz, H-4a); 3.33 (1H, d, J4a,4b�17.7 Hz, H-4b);
2.5±3.0 (1H, brs, OH); 2.29 (3H, s, CH3-para); 2.26 (6H, s,
CH3-ortho); 2.1 (1H, m, H-2 0); 1.12 (3H, d, J�6.9 Hz,
CHCH3-1); 0.99 (1H, d, J�6.9 Hz, CHCH3-3). 13C NMR
(CDCl3), d : 158.6 (C-3); 139.6, 136.6, 124.0 (CAr); 128.7
(CArH); 118.5 (CN); 82.9 (C-5); 76.0 (C-1 0); 45.4 (C-4);
30.4 (C-2 0); 21.1, 20.4 (CH3CHCH3); 19.6 (CH3-ortho);
16.4 (CH3-para).

(5Rp,1 0Sp) 5-(1-Hydroxy-2-methylpropyl)-3-(2,4,6-trimethyl-
phenyl)isoxazoline-5-carbonitrile (2f). The product was
isolated by ¯ash chromatography (silica gel 40±63 mm,
hexanes/ethyl acetate 15:1). Mp�171±1738C; [M1z]�286.
For C17H22N2O4 calcd C 71.30, H 7.74, N 9.78; found C
71.60, H 7.49, N 10.04%. 1H NMR (CDCl3), d : 6.91 (2H, s,
HAr);3.72 (1H, H-1 0); 3.69 (1H, d, J4a,4b�17.4 Hz, H-4a);
3.52 (1H, d, J4a,4b�17.4 Hz, H-4b); 2.29 (3H, s, CH3-
para); 2.26 (6H, s, CH3-ortho); 2.2±2.4 (1H, m, H-2 0);
1.12 (6H, d, J�6.9 Hz, CH3CHCH3).

13C NMR (CDCl3),
d : 158.4 (C-3); 139.7, 136.6, 123.7 (CAr); 128.7 (CArH);
118.3 (CN); 82.2 (C-5); 76.6 (C-1 0); 49.2 (C-4); 31.2
(C-2 0); 21.1, 20.8 (CH3CHCH3); 19.6 (CH3-ortho); 16.4
(CH3-para).

(5S,8R,9R) 3-(2,4,6-Trimethylphenyl)-9-hydroxy-8-hydroxy-
methyl-6-oxo-1,7-dioxa-2-azaspiro[4,4]non-2-ene (5). (1 0R,
2 0R,5S) Methyl 5-(2,3-O-isopropylidene-1,2,3-trihydroxy-
propyl)-3-(2,4,6-trimethylphenyl)isoxazoline-5-carboxylate
(3a) (155 mg, 0.411 mmol) was dissolved in 70% acetic
acid (2 ml) and the mixture was stirred at 408C for 2.5 h.
The mixture was stirred for an additional 22 h at room temp.
Acetic acid was azeotropically evaporated to dryness using
toluene at pressure 3300 Pa. The colourless crystalline
compound obtained (119 mg, 95%) was spectroscopically
pure. Mp�153±1568C; [M1z]�305. 1H NMR (DMSO-d6),
d : 6.94 (2H, s, HAr); 6.46 (1H, d, J�5.4 Hz, OH-9); 5.23
(1H, t, J�5.2 Hz, CH2OH); 4.41 (1H, dd, J8,9�5.9 Hz,
J�5.9 Hz, H-9); 4.10 (1H, m, H-8); 3.7±3.8 (2H, m,
H-4a, CHaHbOH); 3.64 (1H, m, CHaHbOH); 3.32 (1H, d,
J4a,4b�19.2 Hz, H-4b); 2.25 (3H, s, CH3-para); 2.18 (6H,
s, CH3-ortho). 13C NMR (DMSO-d6), d : 173.3 (CvO);
156.8 (C-3); 138.6, 136.3, 125.0 (CAr); 128.2 (CArH); 87.9
(C-5); 82.5 (C-8);69.5 (C-9);58.9 (CH2OH); 40.0 (C-4);
20.7 (CH3-para); 19.1 (CH3-ortho).

(5R,8R,9R) 3-(2,4,6-Trimethylphenyl)-9-hydroxy-8-hydroxy-
methyl-6-oxo-1,7-dioxa-2-azaspiro[4,4]non-2-ene (6).
(1 0R,2 0R,5R)-5-(2,3-O-isopropylidene-1,2,3-trihydroxypropyl)-
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5-methoxycarbonyl-3-(2,4,6-trimethylphenyl)-4,5-dihydro-
isoxazoline (2a) (135 mg, 0.357 mmol) was dissolved in
70% acetic acid (2 ml) and the mixture is stirred at 408C
for 2.5 h. The mixture was stirred for additional 20 h at
room temperature. Acetic acid was azeotropically evapo-
rated to dryness using toluene at pressure 3300 Pa. The
colourless crystalline compound (114 mg) obtained was
puri®ed by ¯ash chromatography (silica gel 40±63 mm,
hexanes/ethyl acetate 1:1). Yield of product is 98 mg
(90%). Mp�1848C; [M1z]�305. 1H NMR (DMSO-d6), d :
6.94 (2H, s, HAr); 6.02 (1H, d, J�7.5 Hz, OH-9); 5.18 (1H, t,
J�5.4 Hz, CH2OH); 4.34 (1H, m, H-8); 4.17 (1H, dd,
J8,9�7.5 Hz, J�7.5 Hz, H-9); 3.78 (1H, m, CHaHbOH);
3.60 (1H, m, CHaHbOH); 3.55 (1H, d, J4a,4b�18.3 Hz, H-
4a); 3.36 (1H, d, J4a,4b�18.3 Hz, H-4b); 2.26 (3H, s, CH3-
para); 2.20 (6H, s, CH3-ortho). 13C NMR (DMSO-d6), d :
172.5 (CvO); 157.4 (C-3); 138.5, 136.3, 125.1 (CAr); 128.2
(CArH); 85.4 (C-5); 84.1 (C-8); 70.5 (C-9);59.1 (CH2OH);
43.2 (C-4); 20.7 (CH3-para); 19.1 (CH3-ortho).

X-Ray diffraction study

The X-ray measurements of the two crystals, 2b and 5, were
made on a KM-4 KUMA diffractometer with graphite
monochromated CuKa radiation10. The data were collected
at room temperature using v22u scan technique. The
intensity of the control re¯ections varied by less than 3%,
and the linear correction factor was applied to account for
this effect. The data were also corrected for Lorentz and
polarisation effects, but no absorption correction was
applied (m�0.775 mm21 and 0.849 mm21 for 2b and 5,
respectively). The structure was solved by direct methods18

and re®ned using shelxl.19 The re®nement was based on F2

for all re¯ections except those with very negative F2. The
weighted R factor, wR and all goodness-of-®t S values are
based on F2. The non-hydrogen atoms were re®ned aniso-
tropically, whereas the H-atoms were placed in the calcu-
lated positions and re®ned isotropically. 2b: C20H27N1O6,
colourless crystal 0.15£0.15£0.20 mm3 (grown from
ethanol), Mr�377.43, monoclinic, space group: P21,
a�9.598 (2) A, b�9.951 (2) A, c�10.707 (2) A, b�
105.79 (3)8, V�984.0 (3) A3, Z�2, Dx�1.274 g cm23. The
collected data range: 4.79,Q,79.19 (212#h# 12,
212#k#12, 213#l#13); 5624 re¯ections, Goodness-of-
®t on F2�1.058; ®nal R�0.0352, wR2�0.0977 (for all 4779
Fo.4 s (Fo)), R�0.0454 and wR2�0.1063 (for all 5624
data). Weight�1/[s 2(Fo

2)1(0.0532P)210.19P] where
P�(Fo

212Fc
2)/3. Minimum and maximum difference elec-

tron densities were 0.181 and 20.110e A23. Absolute struc-
ture parameter 20.1 (2)20. (5): C16H21N1O6, colourless
crystal, 0.15£0.20£0.25 mm3 (grown from ethanol),
Mr�323.34, monoclinic, space group P212121, a�6.933
(1) A, b�9.414 (2) A, c�24.891 (5) A, b�908,
V�1624.6(5) A3, Z�4, Dx�1.322 g cm23. The collected

data range:3.55,Q,79.25 (28#h#8, 211#k#11,
227#l#27); 5219 re¯ections, Goodness-of-®t on
F2�1.023, ®nal R�0.0328 wR2�0.0918 (for all 4051
Fo.4 s (Fo)), R�0.0516 and wR2�0.1036 (for all 5219
data). Weight�1/[s 2(Fo

2)1(0.0571P)210.23P] where
P�(Fo

212Fc
2)/3. Minimum and maximum difference

electron densities were 0.157 and 20.136e A23. Absolute
structure parameter 0.0 (2).20

Acknowledgements

The authors are grateful to the Slovak Grant Agency (No.
1/7314/20) and Volkswagen Stiftung for ®nancial support.

References

1. Lang Jr, S. A.; Lin, Y.-I. Comprehensive Heterocyclic

Chemistry; Potts, K. T., Ed.; Pergamon: Oxford, 1984.

2. JaÈger, V.; Schohe, R. Tetrahedron 1984, 40, 2199.

3. JaÈger, V.; Muller, R.; Leibold, T.; Hein, M.; Schwarz, M.;

Fengler, M.; JarosÏkovaÂ, L.; PaÈtzel, M.; LeRoy, P.-Y. Bull. Soc.

Chim. Belg. 1994, 103, 491.

4. Curran, D. P. J. Am. Chem. Soc. 1983, 105, 5826.

5. FisÏera, L.; Goljer, I.; JarosÏkovaÂ, L. Coll. Czech. Chem.

Commun. 1988, 53, 1753.

6. JaÈger, V.; Grund, H.; Bus, V.; Schwab, W.; Muller, I.; Schohe,

R.; Franz, R.; Ehrler, R. Bull. Soc. Chim. Belg. 1983, 92, 1039.

7. Raimondi, L. Gazz. Chim. Ital. 1997, 127, 167.

8. Kanemasa, S.; Nishiuchi, M.; Kamimura, A.; Hori, K. J. Am.

Chem. Soc. 1994, 116, 2324.

9. Page, P. C. B.; Purdie, M.; Lathbury, D. Tetrahedron 1997, 53,

7365.

10. MicÏuÂch, P.; FisÏera, L.; Cyranski, M. K.; Krygowski, T. M.

Tetrahedron Lett. 1999, 40, 167.

11. Papageorgio, C.; Benezra, C. J. Org. Chem. 1985, 50, 157.

12. Basavaiah, D.; Rao, P. D.; Hyma, R. S. Tetrahedron 1996, 52,

8001.

13. Foucaud, A.; Guemmout, F. E. Bull. Soc. Chim. Fr. 1989, 403.

14. Galema, S. A. Chem. Soc. Rev. 1997, 26, 233.

15. Toma, SÏ . ChemickeÂ Listy 1993, 87, 627.

16. Longeon, A.; Guoyot, M.; Vacelet, J. Experimentia 1990, 46,

548.

17. Annunziata, R.; Benaglia, M.; Cinquini, M.; Cozi, F.;

Raimondi, L. J. Org. Chem. 1995, 60, 4697.

18. Sheldrick, G. M. Acta Crystallogr. 1990, A46, 467.

19. Sheldrick, G. M. Shelxl 93, Program for Re®nement of

Crystal Structure; University of GoÈttingen, Germany 1993.

20. Further details of the crystal structure: list of structure factors,

anisotropic displacement parameters, H-atom coordinates,

complete geometry are deposited with the Cambridge Crystallo-

graphic Data Centre, 12 Union Road, Cambridge CB2 IEZ, UK (on

quoting the depository no. CCCD 144970 and HOSSIR).


