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Abstract: Stereoselectivity of the reaction of N-benzyl-C-ethoxycarbonyl nitrone (3)
with (8)-5-hydroxymethyl-2(5H)-furanone (2a) and its 5-alkoxy substituted derivatives

2b-f was investigated. The reaction proceeds in a highly face-selective manner, the
products 4-6 resulting from approach anti to the hydroxymethyl or alkoxymethyl group
of the dipolarophile. The exo-stereoselectivity increases as the size of protective group
attached to lactone (2b-f) increases. Endo-exo diastereoselectivity is affected
significantly by the solvent. Microwave irradiation strongly accelerates the reaction with
little effect on the diastereoselectivity to give the syn adduct 8a in addition to anti

cycloadducts 4a-6a. © 1999 Elsevier Science Ltd. All rights reserved.
Keywords: Nitrones, cycloadditions, stereoselection; isoxazolidines, mici

This paper is dedicated to Professor Fumio Toda on the occassion of his 65" birthday

cycioaddition,’ it was feit that the stereochemistry of these new centers couid be controiled if the
reaction system was properly designed. Asymmetric nitrone 1,3-dipolar cycloadditions involving the

use of chiral dipolarophiles have been described.?® With the goal of developing a simple route to
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we

have designed (S)-5-hydroxymethyl-2(5H)-furanone (2a) and its 5-alkoxy substituted derivatives 2b-f

O Q.

as templates for nitrone cycloadditions. Our preliminary results in the cycloadditions to 2a have been

stereoselectivity of the reaction of N-benzyl-C-ethoxycarbonyl nitrone (3) with optically active
lactones 2a-f, having in mind that the N-O bond in the cycloadducts can be readily cleaved® to

obtain a precursor for the synthesis of polyhydroxyiated piperidine derivatives such as 1.

OI i O; H RO Cary e
| 0 ElU2U\_ |9
Ho\/’\‘\“. Kgo =N
—— Bn
k‘m)\r\rmcr
N \Juzl_l 3
H 2a-f
1 -
a R=H d R=Pv
h R=Ac e R=TBDMS
¢ R=Bz f R=TBDPS
RESULTS AND DISCUSSION
Cycloaddition of the nitrone 3 to the lactone 2a in boiling benzene for 6 h gave a 53 : 37 : 10

mixture of three optically active adducts 4a-6a in 66 % combined yield, each of which was separated
by flash chromatography. There are eight possible products, comprising exo- and endo-isomers for
each pair of regioisomers resulting from anti and syn face attack y
Only diastereomeric adducts 4a and 5a, in which the oxygen of the 1,3-dipole has become attached
to the B-carbon of the enone unit, together with regioisomeric cycloadduct 6a were formed. The 'H
NMR spectra of 4a-6a were weii resoived, and confirmed the indicated regiochemistry for the
reaction. Neither anti-7a nor any of the other four possible syn adducts were detected in the crude
reaction mixture (Scheme 1).

The relative configuration at C-3, C-3a, C-6a and C-6 in the major adduct 4a could be
unambiguously assigned on the basis of NOEDS results (nuclear Overhauser enhancement
difference spectroscopy). In particular, mutual interactions were observed between H-6a and H-3a,

between H-6a and CH. of the hydroxymethyi substituent, and H-3 showed interactions with H-B.



should be in a cis relationship. A coupling constant, Jiaga = 6.6 Hz, which is indicative of nearly
eclipsed C-H bonds supports this assignment. Moreover, other 1,3- dipolar cycloadditions of nitrones
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to aikenes are known to proceed with cis stereospecificity.1‘ 'H NMR analysis of isoxazolidine 4a aiso
indicated an H-6, H-6a anti relationship; the signal for H-6a appearing as a doublet with a coupling

nstant of Jizss = 6.6 Hz. In the anti adducts the absence of detectabl
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H-6 and H-Ba is consistent with a dihedrai angie 6 ~ 90° between these C-H bonds. The relative

stereochemistry between H-3 and H-3a is assigned on the basis of the magnitude of the vicinal

coupling constant Jz 3, = 2.7 Hz which is consistent with an anti arrangement of these C-H bonds.
The 'H NMR spectrum of 5a could be assigned by COSY analysis, and the stereochemistry

again became apparent from NOE experiments. In particular, interactions were observed on the
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lecule between H-3, H-3a and H-8a. That 5a has the same relative H-6, H-6a
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anti-stereochemistry as 4a is inferred from the close agreement of the chemical shift and coupling
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constants of the key H-6 and H-6a signals; in 5a the signal for H-6a appears as a doublet of doublet
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the range expected for an H-3, H-3a syn relationship. Further support for this syn relationship comes
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from the signal for H-3a appearing as doublet of doublets.”
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after chromatography. The 'H NMR spectrum of 6a was well resolved, and connectivities could be

established by COSY experiments. This reversed regiochemistry was supported by the resonance
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with coupling constants J3 3. = 4.0 Hz, Jsas = 1.8 Hz and Jsasa = 8.2 Hz, whilst the signal for H-6a
or e

hese assignments. In particular, on the

—

appears as a doublet. NOE data are fully in accord with th

convex face of the compound, H-3a interacted SLQ”Q!\]I with H-8a and with the side-chain CH, group
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whilst irradiation of H-6a showed enhancement of both the H-3a and the CH; signals.

of 0
Formation of the diastereoisomers 4a-6a can be rationalized by involving a highly preferred

dominance of the anti-mode of cycloaddition, accords with previous findings for cycloadditions of 2a
with a cyclic nitrone® and C,N-diarylnitrones® and comparable selectivity for mesitonitrile oxide was
also found by Jager e
diasterecisomer 4a-6a can be rationalized following inspection of Dreiding models. The transition
states leading to the formation of the anti 4a-6a experience no steric encumbrance when the dipole
3 approaches the lower face of the dipolarophile 2a in an anti orientation and cycloadditon proceeds
exclusively by this mode. Clearly steric factors are important in orientating the dipole 3 in the
cycloaddition.

The isomer ratio of nitrone 3 cycloaddition to 2a was found to be dependent upon the reaction
solvent used (Table 1). Three structural features can influence the stereochemical outcome of
nitrone/alkene cycloadditions: E/Z nitrone isomerization about the C=N bond, alkene(nitrone) facial
selectivity, and endo/exo preferencesfl The formation of both major epimers 4a and 5a could be
explained through the following endo and exo approach (Scheme 2), the isoxazolidine 4a arising
from cycloaddition of Z-nitrone and E-nitrone through an exo transition state. On the other hand, the
adduct 5a could be formed by the Z-nitrone and E-nitrone reacting in the endo-fashion. ® Nitrone 3,
onjugated nitrone exists as an E/Z mixture in solution.'® In contrast to previous reports
giving the E/Z isomer ratio at room temperature,10 we report now the E/Z ratio at reaction
temperature (Table 1). We showed that, there was no thermal interconversion between the three
adducts 4a-6a even in refluxing toluene, thus indicating that the cycloaddition proceeds irreversibly
under the reaction conditions to give the kinetically controlled products 4a-6a. Thus, the
stereoselectivity observed in these cycloadditions reflects not only the steric hindrance in the

corresponding exo/endo transition states but also the tendency of this nitrone to undergo the E/Z

isomerization reaction. Endo/exo diastereoselectivity of C,N-diarylnitrone cycloadditions to 2a was



affected significantly by the substituent on the nitrone;*® in reactions with cyclic nitrones, exo-
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The regioselectivity of the cycloaddition is in accordance with the predictions of FMO theory

and corresponds with our previous findings3b for cycloaddition of C-benzoyl-N-phenylnitrone with 2a.

the p-carbon of the «,B-unsaturated moiety of 2a, C-benzoyl-N-phenyl- and C-ethoxycarbonyl-N-
benzyl nitrone (LUMO dipale) also lead to formation of the second possible regioisomer.*®
Lewis acids and microwave irradiation. The addition of MgBr;.OEt,, Mgl,-l; and Znl, as a Lewis acid

has no beneficial effect; indeed no isoxazolidines 4a-6a were formed, only starting nitrone 3 being
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completely recovered. When nitrone 3 reacts with lactone 2a in the presence of Lewis acids, such as

TiCly, Ti(OiPr),Cl, and Ti(OiPr)s, very complicated inseparable mixtures of products are formed.

pr
Probably, in contrast to the successful Lewis acid catalyzed stereocontrol of 1,3-dipolar cycloaddition
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Attempts to accelerate the cycloaddition by microwave irradiation were however successful

(the reaction time decreased from hours to less than 10 min) with only a small change of



Table 1. 1,3-Dipolar cycloaddition of nitrone 3 with furanones 2a-f

Entry Comp. Solvent r. temp. 4 5 6 E/Z
1 2a CHCli, 40°C 30 56 14 1.5
2 2a MeOH 65°C 36 46 18 0.1
3 2a Benzene 80°C 53 37 10 37
4 2a DMSO 80°C 40 42 18 0.26
5 2a CI{CH,).Cl 80°C 53 32 15 -
6 2a 1,4-Dioxane  MW? 64 23 10° -
7 2b Benzene 80°C 64 25 1 3.7
3 2c Benzene 80°C 72 20 9 3.7
9 2d Benzene 80°C 78 17 5 3.7
10 2e Benzene 80°C 81 19 - 37
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observed on the concave face of molecule between H-3a, H-6a an '
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from the signal for H-6a appearing as a doublet of doublets.” The relative configuration between H-3

t
and H-3a is assigned from the absence of detectable coupling between than; the singlet signal for H-

3 is consistent with an anti arrangement of these C-H bonds.
Finally, the cycioaddition in benzene of nitrone 3 with O-substituted lactones 2b-f, where R is

Ac, Bz, Pv, TBDMS (t-BuMe;Si) and TBDPS (t-BuPh,Si) has been studied (Scheme 3). Each of 2b-f

diastereomeric cycloadducts 4b-f, 5b-f and 6b-f, from which the major exo-4b-f could be separated

by flash chromatography. Structures of cycloadducts were assigned by analogy to 4a-6a.
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The relative configuration of major exo-adducts 4b-f is shown to parallel that observed for 4a on the

basis of the close agreement of the characteristic proton resonances and coupling patterns for this

assumption that the template alkoxymethyl group would effectively shield the upper face of the
lactones 2b-f. Diastereoselectivity of cycloadditions to O-substituted 2b-f is dependent on the steric
hindrance of ilactone. The reaction compared to unsubstituted parent iactone 2a proceeded more

selectively in favour of exo-diasterecisomers 4b-f, the selectivity increasing as the size of protected
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a highly face-selective manner, the products 4-6 resulting from approach anti to the hydroxymethyl
and alkoxymethyl group of the dipolarophile, respectively. The exo-stereoselectivity increases as the
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tached to the lactone increases.

EXPERIMENTAL

General. '"H NMR spectra were recorded at 300 MHz and "*C NMR spectra at 75 MHz on a Varian VXR

300 spectrometer or at 500 MHz and 125 MHZ, respectively on a Bruker AC 500 spectrometer at 293 K in
CDCl; solution, unless otherwise stated. Chemical shifts are reported in ppm (8) downfield from TMS and
coupling constants (J) are given in Hz. Optical rotations were measured on a IBZ Messtechnik Polar - LpP
instrument. Infrared spectra were measured on the Philips Analytical PU 9800 FTIR spectrometer. Elemental

n n a FEA 1108 - Elemental Analvzer (Carlo Erba) instrument. Melting noints are
a2 £A 1108 - ciemental Analyzer (Lario erpa) instrument, Melting points are
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pum or 40-60 pum silica gel; thin layer chromatography was carried out on aluminium backed silica plates
containing UVas, by Lachema and plates are visualised with UV light and Mostaine solution, as appropriate.

Starting compounds - methyl and ethyl (S)-4,5-dihydroxy-4,5-O-isopropylidene-2-pentenoate,'? (S)-(5)-

2-penten-4-olide (2e)'? and (S)-(5)-tert-butyldiphenylsilyloxy-2-penten-4-olide (2f)'" were synthetisized by
literature procedures. C-Ethoxycarbonyl-N-benzyl nitrone (3) was prepared from ethyl glyoxylate™ and N-
benzylhydroxylamine' according Dondoni'® protocol.

(S)-5-Hydroxy-2-pentene-4-olide (2a). To a solution of 22.5 g (0.12 mol) of methyl (S)-4,5-dihydroxy-4,5-
O-isopropylidene-2-pentenoate'? in 50 ml methanol were added 1.5 ml of 30 % methanolic H,SO, and 4.3 ml

(0.24 mol) H,0 and the mixture was stirred at the room temperature. After 2 h the mixture was neutralised by

adding 0.25 M methanolic solution of NaOH to pH 6 under strong stirring, the solvent was evaporated to
drynnes in vacuo at room temperature. Dichloromethane (70 ml) and Na,SO, (5g) were added to the residue,
stirred for 30 min, filtered evaporated in vacuo. Hot i-hexane was added, the mixture was stirred 5 min,
cooled to 0°C in refrigerator giving colorless solid. This operation was repeated 3 times, and 11.8 g (85 %) of

(0]
lactone 2a was obtained. M.p. 41-43 °C, Lit."* 42-43 °C. [oc]D =142 (c=1.21, H,0; Lit."?
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(S)-(5)-Pivaioyioxy-2-penten-4-oiide (2d). To a soiutio

CH,Cl, 530.0 mg (4.40 mmol) of pivaloyl chloride and 347.0 mg (4.38 mmol) of pyridine were added at -10°C
nd t

:\I

under stirring. The mixture was kept at 0°C for 24 h and than diluted with 15 ml of CH,Cl,, partitioned against

extract was dried (5g Na,S0O,) and concentrated. The crude product (830.0 mg, 95 %) was obtained, which
%= 129 (c = 1.06, CHCL): IR

(9H, s, C(CHs)s), 4.35 (2H, d, J° = 4.1 Hz, CH,0), 5.22 (m, 1H, H-4), 6.17 (dd, J,5= 5.8 Hz, J;4 = 2.0 Hz, 1H,

H-3), 7.40 (dd, J,; = 5.8 Hz, J,4 = 1.6 Hz, 1H, H-2); °C NMR (125 MHz): & 26.98 (q, C(CHa);, 38.81 (s,
C(CHa)s), 61.94 (t, C-5), 80.98 (d, C-4), 123.12 (d, C-2), 152.38 (d, C-3), 172.22 (s, CO), 177.96 (s, CO).
Cycioadditon of nitrone 3 to lactone 2a. To a solution of 830.0 mg (7.3 mmol) lactone 2a in 20 mi of

benzene was added 1500 mg (7.3 mmol) of nitrone (3) and the mixture was stirred and heated under reflux

for 6 h. After reaction was complete (TLC monitoring) the mixture was cooled, the solvent evaporated and the

residue purified by column chromatography (silica ge! 60g, i-hexane - ethyl acetate 5 : 2, £ 2.5 cm) yielded
isomers 4a — 6a. (3S, 3aR, 6aS, 6R)-Ethyl (2-benzyl-6-hydroxymethyl-4-oxotetrahydrofuro [3,4-d]
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e) {Aa), Yield 710 ma (30 %). M.n. 80-81 °C (ethv
e) (4a). Yieid /iU mg (oU M.p. oU-01 "L (einyl

/C.

[9V]
(%]
[
1
)
(4]
1
.
-
]
»
iy
-]
(D
g

43.0 (c = 1.02, CHCls). For CgH:gNOg MW. 321.3 calc. C 59.81 %, H 5.96 %, N 4.36 %; found C 59.56 %, H
6.16 %, N 4.51 %. 'H NMR (300 MHz): & 1.28 (3H, t, J = 7.2 Hz, OCH,CH,), 3.00 (1H, bs, OH), 3.70 (1H, dd,
J=2.4,12.6 Hz, CH,OH), 3.87 (1H, dd, J = 2.7, 12.6 Hz, CH,OH), 3.89 (1H, d, J3 4, = 2.7 Hz, H-3), 3.95 (1H,
dd, Ja,aa = 2.7 Hz, Juaes = 6.6 Hz, H-3a), 4.15 (4H, m, J = 13.8, 7.2 and 7.2 Hz, CH,Ph, OCH,CH;), 4.55 (1H,

H-6), 4.78 (1H, d, J3z6a = 8.6 Hz, H-Ba), 7.29 (BH, m, H-arom); - BC NMR (75 MHz): § 14.1 (q, CHs), 53.1 (d,
C-3a), 60.8 (t, CH,Ph), 62.1 (t, OCH,CHs), 62.1 (t, CH,OH), 69.4 (d, C-3), 80.1 (d, C-6a), 84.0 (d, C-6), 127.8,
128.4, 128.9, 136.1 (C-arom), 168.3 (s, C=0), 176.7 (s, C=0); (3R, 3aR, 6aS, 6R)-Ethyl (2-benzyl-6-
hydroxymethyl-4-oxotetrahydrofuro [3,4-d] isoxazolidine-3-carboxylate) (5a). Yield 605 mg (26 %). M.p.

150-153 °C (chloroform - i-hexane); [a]®’ = 123.0 (¢ = 0.51, CHCly). For CysH1sNOg MW. 321.3 calc. C 59.81

%, H 5.96 %, N 4.36 %; found C 59.68 %, H 6.01 %, N 4.36 %. 'H NMR (300 MHz): 6 1.31 (3H, t, J = 7.2 Hz,
OCH,CH,), 2.53 (1H, bs, OH), 3.68 (1H, d, Js3, = 7.8 Hz, H-3), 3.70 (1H, dd, J = 2.6, 12.4 Hz, CH,OH), 3.78
(1H, dd, Ja3a = 7.8 HZ, J3a62a = 7.5 Hz, H-3a), 3.85 (1H, d, J = 13.9 Hz, CH,Ph), 3.92 (1H, dd, J = 2.3, 12.4 Hz,
CH,OH), 4.24 (3H, m, OCH,CH,, CH,Ph), 4.58 (1H, d, Jgga = 1.7 Hz, H-8), 4.86 (1H, dd, Jaaga= 7.5 Hz, Jgsa =
1.7 Hz, H-6a), 7.30 (5H, m, H-arom); >C NMR (75 MHz): & 14.0 (q, CH5), 52.2 (d, C-3a), 59.7 (t, CH,Ph), 61.8
(t, OCH,CHs3), 62.2 (t, CH,0OH), 69.1 (d, C-3), 78.0 (d, C-6a), 85.8 (d, C-6), 127.5, 128.5, 128.8, 135.3 (C-
arom), 166.7 (s, C=0), 174.1 (s, C=0), (3R, 3aR, 4S, 6aR) Ethyl-(2-benzyl-4-hydroxymethyl-6-

PRERY

oxotetrahydrofuro [4,3-d] isoxazoiidine-3-carboxyiate) (6a).

(chloroform - i-hexane) [a] - 8.3 (c = 0.41, CHCI3). For C4sH1dNOs MW. 321.3 calc. C 59.

N 4.38 %; found C 59.54 %, H 6.25 %, N 4.44 %. 'H NMR (300 MHz): § 1.31 (3H, t, J = 7.4 Hz, OCH,CH,),
2.58 (1H, bs, OH), 3.64 (1H, ddd, Jasa= 3.8 HZ, J3a4 = 1.8 HZ, Jaaea = 8.2 Hz, H-3a), 3.67 {1H, dd, J = 12.53,
2.4 Hz, CH,OH), 3.91 (1H, dd, J = 12.3, 2.2 Hz, CH,OH), 3.97 (1H, d, H-3) 4.16 (2H, 2xd, J = 13.8 Hz,
CH.Ph), 4.23 (2H, q, J = 7.4 Hz, OCH,CH;), 4.61 (1H, m, H-4), 4.88 (1H, d, J3a6a = 8.2 Hz, H-6a), 7.32 (5H,
m, H-arom); °C NMR (75 MHz): § 14.2 (q, CH.), 49.3 (d, C-3a), 58.8 (t, CH.Ph), 61.9 (t, OCH,CH-), 63.4 (t,
AL ALY 7N 7 (A .2 78 Q0 (A N AY Q2 E (A .Ba) 127 8 1204 1278 Q 12R K (C_armnm) 1R 2 fe M)
CRgun), fuld (U, w-3), 10.9 U, UT), O4.J (U, wUd), 147.0, 1405, 1£0.9, 1JJ.J (wmaitlilij, 100.9 (S5, Ly,
174.0 (s, CO)

Cycloaddition of nitrone 3 to lactone 2a in dioxane. Lactone 2a (1.1g, 9.6 mmol) was dissolved in
dioxane (20 ml) and nitrone 3 (2.0g, 9.6 mmol) was added and the mixture was irradiated carefully in the
domestic microwave oven in a 100 mi open Erienmayer fiask for 10 x 1 min. at 350 W. The crude materiai
was purified by flash chromatography (i-hexane - ethyl acetate 5 : 2), giving pure adducts 4a (64 %), 5a (23

%), 6a (10 %) and 8a (3%). (3R, 3aS, 6aR, 6R)-Ethyl (2-benzyl-6-hydroxymethyi-4-oxotetrahydrofuro |

©
fo)
-t
®
I
O
«
[o}]

(J13H19NU§ MW. 321.3 calc. C5 . H
(300 MHz):  1.33 (3H, t, J = 7.2 Hz, OCH,CH), 2.10 (1H, bs, OH), 3.67 (1H, d, Jsasa = 7.2 Hz, H-3a), 3.76 (2
H, dd, J = 12.3, 5.6 Hz, CH,OH), 3.77 (1H, d, J = 13.6 Hz, CH,Ph), 3.82 (1H, s, H-3), 3.83 (2H, dd, J = 2.6,
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12.4 Hz, CH,OH), 4.28 (2H, G, J = 7.2 Hz, OCH,CH), 4.31 (1H, d, J = 13.6 Hz, CH,Ph), 4.62 (1H, ddd, Josa =
6.2 Hz, H-6), 4.96 (1H, dd, Jsasa = 7.2 Hz, Jss0 = 6.2 Hz, H-6a), 7.35 (5H, m, H-arom); *C NMR (75 MHz):
14.0 (g, CHy), 51.5 (d, C-3a), 60.0 (t, CH,Ph), 60.4 (t, OCH,CH;), 62.0 (t, CHOH), 69.2 (d, C-3), 76.3 (d, C-

6a), 82.2 (d, C-6), 128.1, 128.5, 129.4, 135.1 (C-arom), 166.2 (s, C=0), 172.7 (s, C=0).

Cycloadditon of nitrone 3 to lactone 2d. To a solution of 198.2 mg (10.0 mmol) of lactone 2d in 15 ml of
benzene was added 207.2 mg (10.0 mmol) of nitrone 3 and stirred mixture was heated under reflux for 20 h.
After finishing of reaction (TLC monitoring) was the mixture cooled, the solvent evaporated and the rest
purified by flash chromatography (silica gel 40g, /-hexane - ethyl acetate 3: 1, & 1.8 cm) yielded 200 mg (49
%) of (38, 3aR, 6aS, 6R)-Ethyl (2-benzyl-6-pivaloyloxymethyi-4-oxotetrahydrofuro|3,4-d]isoxazolidine-
3-carboxylate (4d) as a yellow oil. '"H NMR (300 MHz, acetone-ds): 8 1.21 (9H, s, C(CHa)s ), 1.34 (3H, t, J =
1H, dd, J53.= 2.7 Hz, J3a6a = 6.6 Hz, H-33), 4.12 (1H,d, J=13.8

7.2 Hz, OCH,CHj5), 3.98 (1H, bs, H-3), 4.08 (
Hz, CH,Ph}, 422 (1H,d, J =138 Hz, CH,Ph}, 425 2H, g, J = 7.2 Hz, OCH['—' ), 4.38 (1H, dd, J = 3.3, 121

; o at
1

Hz, CH,0-), 4.40 (1H, dd, J = 3.3, 12.1 Hz, CH,0-) 4.81 (
(5H, m, H-arom); °C NMR (75 MHz, acetone-ds): 8 14.4 (g, CHs), 27.4 (g, C(CHa)s), 39.3 (s, C(CHs)s), 53.3
(d, C-3a), 60.8 (t, CH,Ph), 62.4 (t, OCH,CHy), 64.8 (t, CH,OH), 70.4 (d, C-3), 80.4 (d, C-6a), 81.9 (d, C-6),
128.2, 129.0, 129.6, 138.0 (C-arom), 168.7, 176.1, 177.8 (s, C=0). The other fractions gave 150 mg (37 %) of

inseparable mixture isoxazolidines 5d and 6d.

Cycloadditon of nitrone 3 to lactone 2e. To a solution of 850.0 mg (37.2 mmol) of lactone 2e in 25 ml of
benzene was added 770.0 mg (37.2 mmol) of nitrone 3 and the mixture was stirred and heated under reflux
for 20 h. After finishing of reaction (TLC monitoring) the mixture was cooled, the soivent evaporated and the
residue purified by flash chromatography (silica gel 40g, i-hexane - ethyl acetate 3 : 1, & 1.8 cm) yielded
680 mg (42 %) of (3S, 3aR, 6aS, 6R) ethyl-(2-benzyl-6-tertbutyldimethylsilyloxymethyi-4-

oxotetrahydrofuro [3,4d]isoxazolidine-3-carboxylate (4e) as a yellow oil. 'H NMR (300 MHz): § 0.02 (6H
, -C(CHs)), 0.82 (9H, s, C(CHa)a), 1.20 (3H, t, J = 7.2 Hz, OCHCH3), 3.63 (1H, dd, J = 2.1, 11.1 Hz, CH,0-),
,dd, J=2.1,11.1 Hz, CH,O-) 3.78 (1H, bs, H-3), 3.84 (1H, dd, J333 = 2.3 HZ, J3a6: = 6.3 Hz, H-3a),

H
H, d, J = 13.8 Hz, CH.Ph), 4.12 (3H, m, J = 7.2 Hz, 13.8 Hz, OCH,CHs, CH,Ph), 4.44 (1H, m, H-6),
H = 6.3 Hz, H-6a), 7.29 (5H, m, H-arom); ">C NMR (75 MHz): 8 -6.1 (q, (CHs),), 14.6 (q, CHs),

ada A\ 3352/ YA

17.6 (s, C(CHy)3), 25.3 (q, C(CHa)s), 52.6 (d, C-3a), 60.5 (t, CH.Ph), 61.4 (t, CH,0), 62.7 (t, OCH,CH;), 69.1

(d, C-3), 80.0 (d, C-6a), 82.5 (d, C-6), 127.2, 127.9, 128.4, 136.0 (C-arom), 167.7, 175.6 (s, C=0). The other

fractions gave 470 mg (29 %) of inseparable mixture isoxazolidines 5e and 6e.

of benzene was added 1.0 g (48.3 mmol) of nitrone 3 and the mixture was stirred and heated under reflux for

36 h. After finishing of reaction (TLC monitoring) the mixture was cooled, the solvent evaporated and the



165 g (60 %) of (38, 3aR, 6aS, 6R)-ethyl (2-benzyi-6-tertbutyidiphenyisilyloxymethyi-4-
oxotetrahydrofuro [3,4d]isoxazolidine-3-carboxylate (4f) as a colourless oil. '"H NMR (300 MHz): & 1.04
(9H, s, C(CHy)3), 1.31 (3H. t, J = 7.4 Hz, OCH,CH,), 3.72 (1H, dd, J = 1.5, 11.7 Hz, CH,0-), 3.89 (1H, dd,

15 117 Hz. CH,O-) 395 (1H bs H-3) 410 (3H. m. J = 13.8 Hz, CH.Ph H-3a) 424 (3H m
5, 1. , 20-), 3.95 (1H, bs, H-3), 4.10 (3H, m, J = 13.8 Hz, CH,Ph, H-3a), 4.24 (3H, m,

W
(o]

=74 1
Hz, OCH,CHs, CH,Ph), 4.56 (1H, m, H-6), 4.89 (1H, d, Js,e. = 6.3 Hz, H-6a), 7.20-7.60 (15H, m, H-arom); "*C
NMR (75 MHz): & 14.1 (4, CHs), 19.1 (s, C(CHa)s), 26.7 (9, C(CHs)3), 53.2 (d, C-3a), 61.0 (t, CH,Ph), 62.1 (t,
CH,0), 63.7 (t, OCH,CH), 69.6 (d, C-3), 80.5 (d, C-6a), 83.3 (d, C-6), 127.7, 127.8, 128.0, 128.4, 128.9,

129.6, 130.1, 130.1, 131.7, 132.2, 134.8, 135.5, 135.6, 136.0 (C-arom), 168.1, 176.1, (s, C=0).
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