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The regio- and stereoselectivity of cycloadditions of the nitrone 1a and the chiral, sugar-derived nitrones
13a and 13b with 3-(prop-2-enoyl)-1,3-oxazolidin-2-one (2) depends on the nature of the Lewis acid catalyst
used. Addition of Lewis acid reverses the regioselectivity of the cycloaddition, and improves the anti-
diastereoselectivity in the case of chiral nitrones. The sterically favored isoxazolidin-5-yl-substituted adducts 3,
4, and 14-17 are produced as the major products in the absence of Lewis acid, while the electronically favored
regioisomers with isoxazolidin-4-yl substituents (5, 6, and 18 - 21, respectively) are obtained as major products in
the [Ti(O'Pr),Cl,] catalyzed reactions. The reactions of nitrone 13b with 2 in the presence of other Lewis acids
such as ZnCl,, ZnBr,, Znl, and Mgl,/1, gave both regioisomeric pairs of the diastereoisomers, favoring the 4-
substituted congeners. The diastereoisomeric isoxazolidines 3a—6a were reduced with NaBH, in THF/H,O with
subsequent desilylation to yield the separable diols 9-12. Reduction of the diastereoisomeric isoxazolidines 19a
and 18a afforded the chiral alcohols 23 and 22, the latter of which was analyzed by X-ray crystallography.

Introduction. — Over the years, nitrones have become important building blocks in
organic synthesis. The nitrone —olefin 1,3-dipolar cycloaddition is a powerful reaction
in that it can create as many as three new contiguous stereogenic centers in a single step
[1]. Based on an evaluation of the nitrone cycloaddition, it was felt that the
configuration of these new centers could be controlled if the reaction system were
properly designed [2][3]. Regio- and stereoselective nitrone cycloaddition, followed by
reduction of the NO bond to produce both an amino and a hydroxy function, allows the
synthesis of many products of potential interest [4].

Lewis acids are often used as catalysts in 1,3-dipolar cycloadditions of nitrones [5],
but strong binding of nitrones to the catalyst in the cycloadditions to electron-deficient
alkenes is a serious problem, as the dipoles have a tendency to form inactive 1,3-
dipole — Lewis acid complexes. To overcome this difficulty, bidentate dipolarophiles
such as 3-(alk-2-enoyl)oxazolidin-2-ones have been used to secure the tight coordina-
tion of acceptors to the catalyst [5]. Recently, we have described that the addition of
[Ti(O'Pr),Cl,] reverses the regioselectivity of cycloaddition of N-benzyl-N-[2-(benzy-
loxy)ethylidene]amine oxide (1b) with 3-prop-2-enoyl-1,3-oxazolidin-2-one (2; see
Table 1 below) [6].

In continuing our efforts to use 1,3-dipolar cycloadditions in (stereoselective)
synthesis [7], and as an extension of our recent work [6], we herein report the effect of
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the addition of Lewis acids on the regio- and stereoselectivity of cycloadditions
between compound 2 and different nitrones such as 1a and sugar-based analogues
thereof.

Results and Discussion. — The application of a properly substituted nitrone in a 1,3-
dipolar-cycloaddition strategy towards natural products is of interest because
debenzylation/desilylation leads to the introduction of NH, and HOCH, functions in
the molecule. We, thus, first investigated the cycloaddition of the sterically hindered
nitrone 1a with the 1,3-oxazolidin based olefin 2 (Table ). Nitrone 1a reacted smoothly
with 2 in CH,Cl, at ambient temperature within 28 h to afford a 75 :25 mixture of the
diastereoisomeric isoxazolidines 3a and 4a in 59% yield. The cycloaddition was found
to be completely regioselective, with only the sterically favored 5-substituted!)
compounds being detected ( Table 1, Entries 1 and 2).When the reaction was performed
in the presence of [Ti(O'Pr),Cl,], a slightly lower total yield was observed compared
with the uncatalyzed reaction, but the regioselectivity was completely reversed
(exclusive formation of the 4-substituted regioisomers 5a and 6b), the corresponding
diastereoselectivity being unchanged (Entry 3). In the catalyzed reaction, the nitrone
O-atom selectively attacks the -C-atom of the a,f-unsaturated moiety of 2. Moreover,
the observed selectivity for nitrone 1a was even better than that for the doubly benzyl
substituted analogue 1b ( Entries 4 and 5) [6].

When the catalyzed reaction was carried out at ambient temperature for 19 h,
beside the mixture 5a/6a (57%), we also isolated the i-Pr esters 7a and 8a as side
products in 7 and 11% yield, respectively.

Unfortunately, the chromatographic separation and, thus, unequivocal character-
ization of the 4- and 5-substituted, isomeric adducts 3a—6a was not possible. Therefore,
the inseparable product mixtures were reduced with NaBH, in THF/H,O, followed by
desilylation with Bu,NF (TBAF) in THE, to yield the well-separable diols 9-12
(Scheme 1). The latter could be readily characterized spectroscopically. Based on 'H-
NOE experiments targeted at H—C(3), H—C(4), and H—C(5), we assigned the trans
configuration to the major isomers 9 and 11, respectively.

As mentioned previously, in the case of nitrones 1a and 1b, Lewis acids favor the
electronically controlled formation of 4-substituted cycloadducts. Therefore, we next
investigated the catalytic effects of Lewis acids on the regio- and diastereoselectivity of
1,3-dipolar cycloadditions of the chiral, sugar-derived nitrones 13 with substrate 2
(Scheme 2). The results are summarized in 7able 2. Note that the reaction between 2
and 13 can, in principle, give rise to four isomers of anti trans, syn,trans, anticis, and
syn,cis configuration with respect to the 3,4’- and the 3,5-positions!), respectively.

Nitrone 13a reacted very slowly with 2 at ambient temperature to afford a 98:2
regioisomeric mixture of five diastereoisomeric isoxazolidines (14a—17a and 20a) in
86% overall yield after 14 d (7able 2, Entry I). The major anti,trans-adduct 14a could
be isolated by flash chromatography. Addition of Mg(ClO,), - Et;N not only changed
the regioselectivity, but also improved the anti-diastereoselectivity ( Entries 1 vs. 6).
The highest rate acceleration was achieved in the reaction with [Ti(O'Pr),Cl,], where
the regioselectivity observed in the thermal reaction was completely reversed from

1) Arbitrary atom numbering. For systematic compound names, see Exper. Part.
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Table 1. 1,3-Dipolar Cycloadditions of 1a and 1b with Alkene 2
Bn_ Bn_

TBDPS = Bu(Ph,)Si . 5 0 p
Arbitrary atom numbering M 3N%

o]
RO N + RO
o
O% j o) N//<
05" \\/O
4" 5"
RO o 3a,b 3,5-trans 5a,b 3,4-trans
2 ‘ o da,b 35-cis 6ab 34-cis
\ A \)
Bn/ 0o n

Bn,_ \(
N—O +
. 5 (e}
1a R=TBDPS 2 1f—§\/)wm(
1b R=Bn \o TBDPSO

w '
P4
W |
=\_0

TBDPSO o” ol
7a 8a
Entry Nitrone Conditions Lewis acid Yield [%]*) Regio- Diastereo-
selectivity ) selectivity )
3+4 546 3 4 5 6
1 la CH,Cl,, r.t., 28 h - 59 100 nd® 75 25 nd nd
la PhMe, reflux, 2.5h - 55 100 n.d. 74 26 nd nd
3 la CH,Cl,, —10to 0°, [Ti(O'Pr),Cl,] 54 n.d. 100 nd. nd. 77 23
48 h (1.1 equiv.)
4 1b CH,Cl,, r.t.,2d - 84 96 4 70 30 100 n.d.
5 1b CH,Cl,, —10°,5h [Ti(O'Pr),Cl,] 60 2 98 100 nd. 59 41
(1.0 equiv.)

2) Total yield of isolated mixture of 3—6. ®) Ratio based on *C-NMR integration of the C(5) signals'). ¢) Not
detected in the NMR spectrum of the crude product mixture.

98:2 to 6:94 (Entries1 vs. 7). Moreover, the reaction in the presence of [Ti-
(O'Pr),(OTs),]?) as catalyst proceeded in a regioselective manner to give a mixture of
the four diastereoisomeric, 4-substituted isoxazolidines 18a—21a (Entry 8). This
clearly is the first example of the reversal of the regioselectivity of a 1,3-dipolar
cycloaddition caused by a Lewis acid in the case of chiral nitrones.

The chromatographic separation and characterization of the 4-substituted cyclo-
adducts 18a—21a was, again, impossible. Therefore, the product mixtures were reduced
directly with NaBH, in THF/H,O to yield the separable, chiral primary alcohols 22 and
23 (Scheme 3). The different isomers were assigned by straightforward analysis of the
diagnostic 'H-NMR chemical shifts of the isoxazolidine ring H-atoms. The ratio of the
diastereoisomers was determined from quantitative *C-NMR integration of the
isoxazolidine C(4) resonances. The structure of the separated major isomer 22 was
unambiguously assigned 3,4-frans-configuration by means of a detailed NMR analysis,
including 2D experiments. Finally, the relative 3,4’-anti-configuration of 22 was

2)  Ts=Tosyl (=4-methylbenzenesulfonyl).
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Scheme 1
TBDPSO
_Bn HO HO
N 1. NaBH, THF/H,0 Bn Bn
3 rt,45h N N
| + |
o o 2. Bu,NF, THF O o
N_{ 0°tort,6.5h
HO™ 1" HO
K/O
3a, 4a 9 3,5-trans 10 3,5-cis
TBDPSO
"
o /BN 1.NaBH, THF/H,0 HO HO
N rt, 16 h _Bn  + _Bn
o —_— Tl N N
N 2. Bu,NF, THF / & S
/&o 0°tort,3h HO HO
o
5a, 6a 11 3 4-trans 12 34-cis

elucidated by X-ray crystal-structure analysis (Figure), which, at the same time,
corroborated the suggested trans relationship between H—C(3) and H—C(4) for the
major isomers 18a. That compound 14a has the same configuration as 18a was inferred
from the above diagnostic signals, NOEDS results, as well as by comparison with
literature data of the cycloaddition of nitrone 13a with methyl acrylate obtained by
Merino et al. [8].

As shown in Table 2 ( Entries 2-5), the cycloaddition of the dipolarophile 2 with the
chiral nitrone 13b proceeded, in the absence of catalyst, completely regioselectively,
providing a mixture of four diastereoisomers (14b—17b), with 14b being the major
adduct. When the reaction was performed in the presence of Znl, as catalyst, the
regioselectivity was changed, and the anti-diastereoselectivity was improved (Entry 9).
Additionally, other Lewis acids such as ZnCl,, ZnBr, or Mgl,/I, were also found to be
efficient and to reverse the regioselectivity of this reaction compared with the
noncatalyzed one ( Entries 10, 11, and 13). However, MgBr, - OEt, was found not to be
efficient in this reaction, affording an inseparable mixture of decomposition products.

The highest rate acceleration was achieved with [Ti(O'Pr),Cl,], where the
regioselectivity observed in the thermal reaction was reversed (7able 2, Entry 14).
Purification by flash chromatography allowed the isolation of the pure adducts 14b and
16b, while the chromatographic separation of the isoxazolidines 15b and 17b was not
possible. The structures and configurations of 14b—17b were determined by 'H-NMR,
BC-NMR, 2D-COSY, C,H-HETCOR, and NOESY experiments. While the config-
uration at C(3)/C(5) and C(3)/C(4), respectively, was confirmed by NOE measure-
ment of the cycloadducts, assignment of the relationship between stereogenic centers at
C(3) and C(4") was based on our previous results from 1,3-dipolar cycloadditions of
sugar nitrones bearing a free as well as a protected OH group in a-position [7a—f], and
on comparison with isoxazolidine 22, whose structure was determined by X-ray analysis
(see Figure).
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Scheme 2
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Figure. X-Ray crystal structure of compound 22

Conclusions. — The regio- and stereoselectivity of cycloadditions of nitrone 1a and
chiral, sugar-derived nitrones 13a and 13b with alkene 2 depends on the nature of the
Lewis acid catalyst. Addition of catalyst reverses the regioselectivity of the cyclo-
addition, and improves the anti-diastereoselectivity in the case of chiral nitrones. The
sterically favored isoxazolidin-5-yl substituted oxazolidinones 3, 4, and 14-17 are
formed as the major products in the absence of Lewis acids, while the electronically
favored 4-congeners 5, 6, and 1821, respectively, are the dominant products in the
[Ti(O'Pr),Cl,] catalyzed reactions. The reactions of nitrone 13b with 2 in the presence
of other Lewis acids such as ZnCl,, ZnBr,, Znl, and Mgl,/I, afforded both
regioisomeric pairs of diastereoisomers, favoring the 4-substituted adducts. The
inseparable diastereoisomeric isoxazolidines 3a—6a were reduced and desilylated to
yield the separable diols 9—12. Similarly, reduction of 18a and 19a gave the chiral
alcohols 22 and 23.

The authors are grateful to the Slovak Grant Agency (No. 1/0057/03).

Experimental Part

General. All commercially available starting materials and reagents (Fluka, Merck, Acros, Avocado, or
Aldrich) were used without further purification. Solvents were dried before use. Nitrones 1a, 1b, 13a, and 13b
were prepared from the corresponding aldehydes by reaction with N-(benzyl)hydroxylamine according to a
procedure described earlier [7d—f][9]. The Lewis acid catalysts ZnCl,, ZnBr,, Znl,, and Mg(ClO,), are
commercially available. The catalysts MgBr, - OEt,, MgL,/L,, [ Ti(O'Pr),CL], and [ Ti(O'Pr),(OTs),] were freshly
prepared prior to use. Thin-layer chromatography (TLC; ALUGRAM Sil G/UV 55, from Macherey-Nagel) was
used to monitor the course of the reactions. For flash chromatography (FC), Silica Gel 60 (0.040—0.063 mm;
Merck) was used. Melting points (m.p.) were determined on a Kofler hot-plate apparatus; uncorrected. Optical
rotations [a ], were measured on an Polar-LuP polarimeter (IBZ Messtechnik) in a 10-cm cell. IR Spectra were
recorded on a NICOLET MAGNA-750 FT-IR instrument; in cm~'. 'H- and *C-NMR Spectra were recorded on
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Bruker DRX-400 (400/100 MHz) or Varian VXR-300 (300/75 MHz) instruments in CDCl;; chemical shifts ¢ in
ppm rel. to Me,Si, coupling constants J in Hz. Elemental analyses were conducted with a Thermo FlashEA-1112
apparatus.

Noncatalyzed Cycloadditions: General Procedure (GP 1). A soln. of 2 and the appropriate nitrone was
stirred until complete consumption of the nitrone. The solvent was removed in vacuo (rotary evaporator), and
the residue was purified by FC. Further exper. details and yields of isolated mixtures of cycloadducts are given in
Tables I and 2.

Lewis Acid Catalyzed Cycloadditions: General Procedure (GP 2). All reactions were carried out under Ar
atmosphere. Alkene 2 was added at r.t. to a stirred soln. of the Lewis acid in CH,Cl,, and the mixture was stirred
for 15 min. A CH,Cl, soln. of the nitrone (1 or 13) was then added in one portion. For details, see Tables I and 2.
The mixture was stirred until complete consumption of the nitrone, quenched with sat. aq. NH,Cl soln., and
extracted with CH,Cl,. The combined org. layers were washed with brine, dried (Na,SO,), filtered through
Celite, and evaporated in vacuo (rotary evaporator). The resulting residue was purified by FC. Further exper.
details and yields of isolated mixtures of cycloadducts are given in 7ables 1 and 2.

Noncatalyzed Reaction of 1a with 2. According to GP 1, with 1a (0.100 g, 0.25 mmol) and 2 (0.035 g,
0.25 mmol) in toluene (5ml) at r.t., followed by FC (SiO, (12 g); 12.5 x 2 cm; CH,Cl,/AcOEt/hexanes
40:10:50): inseparable mixture (0.079 g, 59%) of 3a/da (ca. 75:25). The diastereoisomeric ratio was
determined by means of quant. ®*C-NMR integration of the C(4) resonances at 3(C) 35.8 (3a) and 35.6 (4a) of
the isoxazolidine moieties.

Reduction and Desilylation of 3a/4a. A soln. of the above mixture 3a/4a (0.121 g, 0.22 mmol) in THF/H,0O
3:1 (4 ml) was stirred at r.t. with NaBH, (0.018 g, 0.47 mmol) for 6 h. The reaction was quenched with sat. aq.
NH,CI soln. The mixture was extracted with CH,Cl,, the org. layer was dried (Na,SO,) and evaporated. The
resulting residue was dissolved in THF (2 ml), and Bu,NF (0.061 g, 0.23 mmol) in THF (1 ml) was added
dropwise at 0°. The temp. was gradually increased to r.t. over 3 h with stirring. Then, sat. aq. NaHCOj soln. was
added, the mixture was extracted with CH,Cl,, the org. layer was dried (Na,SO,) and evaporated. The crude was
purified by FC (SiO, (13 g); 13.5 x 2 cm; CH,CL,/MeOH 98 :2) gave pure 10 (0.010 g, 20% ), a mixture of 9/10
(0.017 g, 35%), and pure 9 (0.017 g, 35%).

trans-2-( Phenylmethyl)isoxazolidine-3,5-dimethanol (9). Colorless oil. R; (CH,Cl,/MeOH 94 :6) 0.16. IR
(film): 3384, 3087, 3063, 3030, 2928, 2875, 1496, 1454, 1387, 1342, 1288, 1041. '"H-NMR (400 MHz, CDCl,)"):
742-729 (m, Ph); 421 (dddd, J=8.0, 8.0,5.0,3.2, H-C(5)); 4.11 (d,J=13.4,1 H of PhCH,); 4.06 (d,J =134,
1 H of PhCH,); 3.78 (dd, J =12.1,3.2, H,—C(1")); 3.59 (dd, J=12.1, 5.1, H,— C(1")); 3.57-3.56 (m, CH,(1"));
3.29-3.23 (m, H—C(3)); 2.56 (br., 2 OH); 2.30 (ddd, J=12.4, 8.3, 8.3, H,—C(4)); 2.18 (ddd, ] =12.4, 7.7, 4.7,
H,—C(4)). BC-NMR (100 MHz, CDCl,)"): 136.3, 129.2, 128.5,127.7 (Ph); 79.1 (C(5)); 66.3 (C(3)); 63.7 (C(1"));
62.2 (C(1)); 62.1 (PhCH,); 32.3 (C(4)). Anal. calc. for C;,H;;NO; (223.27): C 64.55, H 7.67, N 6.27; found: C
64.26, H 7.38, N 6.41.

cis-2-( Phenylmethyl)isoxazolidine-3,5-dimethanol (10). Colorless oil. R; (CH,Cl,/MeOH 94:6) 0.18. IR
(film): 3388, 3063, 3030, 2928, 2874, 1496, 1455, 1380, 1286, 1045. 'TH-NMR (400 MHz, CDCl;)"): 7.41 -7.32 (m,
Ph); 4.48-4.22 (m, H-C(5)); 4.14 (d,J=13.1, 1 H of PhCH,); 3.98 (d,J=13.1, 1 H of PhCH,); 3.82 (dd, J =
12.2,2.7, H,—C(1")); 3.64 (dd, ] =12.4, 4.9, H,—C(1")); 3.61 (dd, ] =11.3,7.6, H,—C(1)); 3.53 (dd, ] = 11.4,4.2,
H,—C(1"));3.42-3.35 (m,H—-C(3));2.63 (br.,2 OH);2.51 (ddd,J =12.7,8.5,8.5,H,— C(4)); 1.98 (ddd, J = 12.0,
6.9, 4.8, H,—C(4)). ®C-NMR (100 MHz, CDCl,)"): 135.9, 129.3, 128.6, 127.9 (Ph); 77.7 (C(5)); 66.5 (C(3)); 63.2
(C(1), C(1")); 60.9 (PhCH,); 31.5 (C(4)). Anal. calc. for C,H;NO; (223.27): C 64.55, H 7.67, N 6.27; found: C
64.52, H 8.14, N 6.63.

Catalyzed Cycloaddition of 1a with 2. According to GP 2, with 1a (0.245 g, 0.61 mmol), a 0.5 CH,Cl, soln.
of [Ti(O'Pr),Cl,] (1.3 ml, 0.65 mmol), and 2 (0.094 g, 0.67 mmol) in CH,Cl, (7 ml). FC (SiO, (30 g); 13.5 x
3 cm; AcOEt/hexanes 30:70) gave an inseparable mixture (0.180g, 54%) of 5a/6a (ca. 75:25). The
diastereoisomer ratio was determined by quant. *C-NMR integration of C(4) at 6(C) 51.5 (5a) and 51.0 (6a)
of the isoxazolidine moieties.

Reduction and Desilylation of 5a/6a. A soln. of the above mixture 5a/6a (0.180 g, 0.33 mmol) in THF/H,0O
3:1 (4 ml) was stirred at r.t. with NaBH, (0.025 g, 0.66 mmol) for 16 h. The reaction was quenched with sat. aq.
NH,Cl soln., the mixture was extracted with CH,Cl,, and the org. layer was dried (Na,SO,) and evaporated. The
resulting residue was dissolved in THF (3 ml). Then., Bu,NF (0.084 g, 0.32 mmol) in THF (2 ml) was added
dropwise at 0°. The temp. was gradually increased to 10° over 3 h with stirring. Then, sat. aq. NaHCO; soln. was
added, the mixture was extracted with Et,O, and the combined org. extracts were dried (Na,SO,) and
evaporated. FC (SiO, (5 g); 10.5 x 1.5 cm; CH,Cl,/MeOH 98 : 2) gave almost pure 12 (0.009 g, 12% ) and pure 11
(0.041 g, 56%).



1440 HEeLVETICA CHIMICA ACTA — Vol. 88 (2005)

Data of trans-2-( Phenylmethyl)isoxazolidine-3,4-dimethanol (11). Colorless oil. R; (CH,Cl,/MeOH 96 :4)
0.27. IR (film): 3385, 3087, 3063, 3031, 2930, 2873, 1496, 1455, 1379, 1334, 1079, 1043. 'H-NMR (400 MHz,
CDCl;)"): 740-7.28 (m, Ph);4.06 (d,J =13.4,1 H of PhCH,); 4.01 (d,J=13.4,1 H of PhCH,); 3.98 (dd,J =8.3,
83, H,—C(5)); 3.79 (dd, J=8., 6.2, H,—C(5)); 3.71 (dd, J=10.5, 6.3, H,—C(1")); 3.64 (dd, J=10.5, 74,
H,—C(1"));3.59 (dd,J=11.2,5.5,H,— C(1")); 3.54 (dd,J=11.1,5.4, H,— C(1")); 3.18 (br.,2 OH); 2.91 (ddd, J =
5.5, H—C(3)); 2.62 (m, H—C(4)). *C-NMR (100 MHz, CDCl;)"): 136.6, 129.1, 128.4, 127.6 (Ph); 70.2 (C(3));
68.2 (C(5)); 63.1,63.0 (C(1"), C(1")); 61.3 (PhCH,); 49.4 (C(4)). Anal. calc. for C;,H;;NO; (223.27): C 64.55, H
7.67,N 6.27; found: C 64.14, H 8.06, N 6.67. Some relevant signals corresponding to the minor isomer 12 were also
clearly observed in the other enriched fraction with 11.

Data of cis-2-(Phenylmethyl)isoxazolidine-3,4-dimethanol (12). Colorless oil. R; (CH,Cl,/MeOH 96 :4)
0.34. IR (film): 3389, 3087, 3063, 3030, 2929, 2876, 1496, 1455, 1378, 1288, 1107, 1044. "H-NMR (400 MHz,
CDCl,)"): 742-7.30 (m, Ph); 4.21 (dd, J=8.3,8.3,H,—C(5)); 411 (d,J=13.3,1 H of PhCH,);3.96 (d,/=13.2,
1 H of PhCH,); 3.86 (dd, J=11.1, 7.9, H,—C(1")); 3.77 (dd, J=11.1, 5.4, H,—C(1")); 3.73 (dd, J=8.1, 6.8,
H,—C(5)); 3.72-3.69 (m, CH,(1")); 3.32 (ddd, J =78, 5.7, 5.7, H—C(3)); 3.09-3.02 (m, H-C(4)); 2.89 (br., 2
OH). BC-NMR (100 MHz, CDCl;)"): 136.1, 129.3, 128.5, 127.8 (Ph); 68.6 (C(5)); 67.1 (C(3)); 61.1 (PhCH,);
60.3, 60.2 (C(1'), C(1")); 46.2 (C(4)).

When the [Ti(O'Pr),Cl,] catalyzed reaction was carried out at r.t. for 19 h, in addition to the mixture of 5a/
6a (57%), the esters 7a/8a were isolated in 7 and 11% yield, resp.

Data of Isopropyl trans-2-(Phenylmethyl)-3-({[tert-butyl(diphenyl)silyl Joxy}methyl)isoxazolidine-5-car-
boxylate (Ta). Colorless oil. R; (CH,Cl,/hexanes 90:10) 0.13. IR (film): 3070, 3049, 3031, 2958, 2931, 2858,
1731, 1471, 1464, 1454, 1428, 1387, 1375, 1361, 1275, 1207, 1188, 1111, 1029, 1008. '"H-NMR (400 MHz, CDCL,)"):
7.68-727 (m, 3 Ph); 5.11 (sept., J=6.3, CHMe,); 443 (dd, J=174, 74, H-C(5)); 425 (d, J=13.4, 1 H of
PhCH,);4.11 (d,J=13.3,1 H of PhCH,); 3.76 (dd,J=10.4, 6.4, H,—C(1')); 3.63 (dd, ] =10.4, 6.5, H,—C(1));
3.39 (dddd,J=6.4,6.4,6.3,63, H-C(3));2.54 (2dd,J=8.4,6.7,6.6, 6.3, CH,(4)); 1.31 (d, ] = 6.3, CHMe,); 1.07
(s, #-Bu). ®C-NMR (100 MHz, CDCl;)'): 171.9 (C=0); 135.6,135.5, 133.1, 129.7,129.0, 128.3, 127.7,127.2 (3 Ph);
76.1 (C(5)); 68.9 (CHMe,); 65.9 (C(3)); 64.9 (C(1')); 62.8 (PhCH,); 35.7 (C(4)); 26.8 (Me;C); 21.7 (CHMe,);
19.2 (Me;C). Anal. calc. for C;;H3NO,Si (517.73): C 71.92, H 7.59, N 2.71; found: C 71.51, H 7.97, N 2.33.

Data of Isopropyl trans-2-(Phenylmethyl)-3-({[tert-butyl(diphenyl)silyl Joxy}methyl)isoxazolidine-4-car-
boxylate (8a). Colorless oil. R; (CH,Cl,/hexanes 90:10) 0.19. IR (film): 3070, 3049, 3031, 2979, 2958, 2931,
2858, 1729, 1471, 1456, 1428, 1386, 1374, 1363, 1312, 1267, 1191, 1111, 1029, 1008. '"H-NMR (400 MHz, CDCl;)"):
7.70-7.28 (m, 3 Ph); 5.09 (qq, J=6.3, 6.2, CHMe,); 4.29 (dd, J=8.7, 6.0, H,—C(5)); 417 (d, J=13.3, 1 H of
PhCH,);4.10 (dd,J =8.7,8.7, H,—C(5)); 4.07 (d,J =13.3,1 H of PhCH,); 3.80 (dd,J =10.3, 6.5, H,— C(1')); 3.69
(dd,J]=10.3,6.6,H,—C(1"));3.55 (ddd,J] = 6.4,6.4,5.0,H-C(3)); 3.34 (ddd, ] =8.7,5.9,5.0,H-C(4)); 1.28,1.27
(2d, J=6.1, CHMe,); 1.07 (s, t-Bu). *C-NMR (100 MHz, CDCl,)"): 172.3 (C=0); 135.5, 135.5, 134.8, 133.2,
133.1, 129.7, 129.7, 129.0, 128.3, 127.7, 127.3 (3 Ph); 69.6 (C(3)); 68.7 (CHMe,); 68.2 (C(5)); 65.0 (C(1")); 60.8
(PhCH,); 51.0 (C(4)); 26.8 (Me5C); 21.7 (OCHMe,); 19.2 (Me;C). Anal. calc. for C3H3;NO,Si (517.73): C
71.92, H 7.59, N 2.71; found: C 71.53, H 7.87, N 3.13.

Noncatalyzed Cycloaddition of 13a with 2. According to the GP 1, with 13a (0.196 g, 0.83 mmol) and 2
(0.118 g, 0.83 mmol) in CH,Cl, (20 ml) at r.t. FC (SiO, (35 g); 11.5 x 3 cm; AcOEt/hexanes 35 :65) gave pure
14a (0.064 g, 20%) and an inseparable mixture of 14a—17a (0.271 g, 66%).

3-({(3S,5S)-3-[ (4S)-2,2-Dimethyl-1,3-dioxolan-4-yl |-2-(phenylmethyl)isoxazolidin-5-yl}carbonyl)-1,3-oxa-
zolidin-2-one (14a). Colorless solid. M.p. 161-162°. R; (AcOEt/hexanes 50:50) 0.12. [a]} =+36.7 (c=0.1,
CHCl,;). IR (KBr): 3065, 3031, 2999, 2982, 2936, 2892, 1772, 1709, 1484, 1381, 1271, 1244, 1207, 1153, 1115, 1068,
1036, 1016. 'H-NMR (400 MHz, CDCl;)"): 7.42-7.26 (m, Ph); 5.63 (dd, J=8.3, 8.3, H—C(5)); 4.50-4.40 (m,
CH,(5"));4.33 (d,J=12.9,1 H of PhCH,); 4.08-4.02 (m, CH,(4"), H,—C(5"), H-C(4)); 3.82 (d,/=129,1 H
of PhCH,); 3.57 (dd, J =15, 4.3, H,—C(5)); 3.29 (ddd, J =177, 7.6, 1.9, H—C(3)); 2.99 (ddd, J=13.0, 8.7, 2.1,
H,—C(4)); 2.68 (ddd, J=13.0, 7.5, 7.5, H,— C(4)); 1.36, 1.23 (25, Me,C). *C-NMR (100 MHz, CDCl;)"): 172.6
(C=0); 152.9 (OC(O)N); 137.1, 129.2, 128.3, 127.5 (Ph); 109.4 (C(2')); 77.3 (C(5)); 75.5 (C(4")); 68.0 (C(5));
675 (C(3)); 62.6 (PhCH,, C(5")); 42.7 (C(4")); 34.0 (C(4)); 26.7, 25.1 (Me,C). Anal. calc. for C;yH,,N,Oq
(376.40): C 60.63, H 6.43, N 7.44; found: C 60.30, H 6.51, N 7.83.

Catalyzed Cycloaddition of 13a with 2. According to GP 2 with (0.500 g, 2.1 mmol) of 13a, a 0.5m CH,Cl,
soln. of [Ti(O'Pr),Cl,] (4.4 ml, 2.3 mmol), and 2 (0.330 g, 2.3 mmol) in CH,Cl, (15 ml). FC (SiO, (50 g); 22 x
3 cm; AcOEt/hexanes 30:70) gave an inseparable mixture of 18a—21a (0.408 g, 51%).

Reduction of 18a-21a. A soln. of the above mixture of 18a—21a (ca. 53:40:3:4; 0.540 g, 1.4 mmol) in
THF/H,0 3 :1 (8 ml) was stirred at r.t. with NaBH, (0.109 g, 2.9 mmol) for 6 h. The reaction was quenched with
sat. ag. NH,ClI soln., the mixture was extracted with CH,Cl,, and the org. layer was dried (Na,SO,) and
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evaporated. FC (SiO, (45 g); 15 x 3 cm; CH,Cl,/AcOEt/hexanes 40 :20 : 40 — 40 :30 :30) gave pure 22 (0.091 g,
22%), a mixture of 22-25 (0.031 g, 7% ), and pure 23 (0.085 g, 20%).

{(35,4S)-3-[ (4S )-2,2-Dimethyl-1,3-dioxolan-4-yl]-2-(phenylmethyl)isoxazolidin-4-yl}methanol (22). Color-
less solid. M.p. 152 -153°. R; (CH,Cl,/AcOEt/hexanes 40 :30 :30) 0.17. [a]¥ = —34.7 (¢ =0.1, CHCL;). IR (KBr):
3251, 3065, 3027, 2981, 2956, 2902, 2883, 1453, 1380, 1370, 1263, 1240, 1205, 1157, 1100, 1071, 1050, 1037. '"H-NMR
(400 MHz, CDCl3)"): 729-7.29 (m, Ph); 4.01 (d,J=12.9, 1 H of PhCH,); 4.01-3.95 (m, H—C(4'), H,—C(5));
391 (dd,J=8.4,6.2,H,—C(5"));3.86 (d,J =13.3,1 H of PhCH,); 3.82 (dd,J = 8.6, H,— C(5));3.72 (dd,J = 10.5,
6.2, 1 H of HOCH,); 3.67 (dd, J=10.4, 6.8, 1 H of HOCH,); 3.34 (dd,J=8.4,5.9, H,—C(5)); 2.87 (dd, ] =8.2,
4.8, H—C(3)); 2.74 (m, H—C(4)); 2.35 (br., OH); 1.30, 1.25 (25, Me,C). BC-NMR (100 MHz, CDCl;)"): 136.7,
129.3, 128.4, 127.6 (Ph); 109.2 (C(2')); 77.8 (C(4')); 69.8 (C(3)); 68.0 (C(5)); 67.7 (C(5")); 63.3 (HOCH,); 61.5
(PhCH,); 50.7 (C(4)); 26.6, 25.2 (Me,C). Anal. calc. for C,sH,;NO, (293.36): C 65.51, H 7.90, N 4.77; found: C
65.66, H 8.03, N 4.81.

{(3S,4R )-3-[ (4S)-2,2-Dimethyl-1,3-dioxolan-4-yl]-2-(phenylmethyl)isoxazolidin-4-yljmethanol (23). Col-
orless oil. R; (CH,Cl,/AcOEt/hexanes 40 :30:30) 0.32. [¢]F = — 1.2 (¢=0.1, CHCL;). IR (film): 3491, 3087, 3063,
3030, 2984, 2933, 2880, 1496, 1455, 1381, 1372, 1257, 1215, 1156, 1064. '"H-NMR (400 MHz, CDCl;)"): 7.38-7.29
(m,Ph);4.31 (dd,J=8.9,8.0,H,—C(5));4.26-4.17 (m, H—C(4'), H,— C(5)); 4.08 (d,J =12.5,1 H of PhCH,);
391 (dd,J=12.0,9.4,1 H of HOCH,); 3.81 (dd,J=12.1,4.3,1 H of HOCH,); 3.78 (d,/ =12.6, 1 H of PhCH,);
3.64 (dd, J=17, 7.7, H,—C(5)); 3.56 (dd, J=8.1, 6.0, H,—C(5)); 3.41 (br., OH); 3.34-3.22 (m, H-C(4),
H-C(3)); 1.37, 1.34 (25, Me,C). “C-NMR (100 MHz, CDCl;)"): 136.5, 129.2, 128.5, 127.7 (Ph); 109.9 (C(2'));
74.2 (C(4));69.2 (C(5));67.9 (C(5));67.9 (C(3)); 61.1 (PhCH,); 60.1 (HOCH,); 46.8 (C(4)); 26.4,25.5 (Me,C).
Anal. calc. for C;sH,;NO, (293.36): C 65.51, H 7.90, N 4.77; found: C 65.48, H 8.33, N 4.94.

Noncatalyzed Cycloaddition of 13b with 2. According to GP 1, with 13b (0.500 g, 1.4 mmol) and 2 (0.195 g,
1.4 mmol) in toluene (10 ml). FC (SiO, (80 g); 25 x 3 cm; AcOEt/hexanes 25 :75) gave pure 14b (0.040 g, 6%),
almost pure 15b (0.054 g,8% ), pure 16b (0.078 g, 11% ), and an inseparable mixture of 14b—17b (0.399 g, 58%).

3-({(3S,5S)-3-[ (2R,4S,5R )-5-{[ (tert-Butyl) (diphenyl)silyl Joxy}-2-methyl-1,3-dioxan-4-yl ]-2-(phenylmethyl)-
isoxazolidin-5-yl}carbonyl)-1,3-oxazolidin-2-one (14b). Yellowish oil. R; (AcOEt/hexanes 50:50) 0.41. [a]¥ =
—418.9 (¢=0.1, CHCl;). IR (film): 3088, 3064, 3030, 2956, 2929, 2857, 1779, 1709, 1471, 1463, 1410, 1387, 1363,
1263, 1225, 1157, 1109, 1043, 1007. '"H-NMR (400 MHz, CDCl,)"): 7.45-7.43, 7.34-723 (2m, Ph); 5.63 (dd, J =
8.5, 6.7, H-C(5)); 4.69 (g, J =5.0, H-C(2)); 4.50-4.45 (m, CH,(5")); 4.38 (d, J=13.2, 1 H of PhCH,); 4.12—
4.01 (m, CHy(4"));3.98 (dd, J=10.7,4.9, H.—C(6')); 3.97 (d, J=12.9,1 H of PhCH,); 3.57-3.54 (m, H-C(3));
3.53 (dd, J=9.2, 1.0, H-C(4)); 3.45 (ddd, ] =9.4, 9.2, 4.9, H-C(5)); 3.31 (dd, J=10.6, 9.7, H,—C(6")); 3.05
(ddd, J=13.0, 8.7, 4.5, H,—C(4)); 2.43 (ddd, J=12.5, 76, 6.8, H,—C(4)); 1.35 (d, J=5.0, H—C(7")); 0.77 (s,
Me;C); 0.01, —0.04 (25, SiMe,). 3*C-NMR (100 MHz, CDCl,)!): 172.8 (C=0); 152.9 (OC(O)N); 137.3, 129.1,
128.4,127.3 (C(Ph)); 98.6 (C(2)); 82.3 (C(4)): 77.5 (C(5)); 71.0 (C(6')); 63.7, 63.6 (C(3), C(5')); 63.1 (PhCH,);
62.6 (C(5")); 42.6 (C(4")); 32.3 (C(4)); 25.5 (Me;C); 20.4 (C(7')); 17.6 (Me;C); —4.37, —5.02 (Me,Si). Anal.
calc. for C,sH3sN,0,Si (506.66): C 59.26, H 7.56, N 5.53; found: C 59.23, H 87.26, N 5.41. Some relevant signals
corresponding to the minor isomer 15b were also observed in the other enriched fraction with 14b.

3-({(3R,5R)-3-[ (2R,4S,5R )-5-{[ (tert-Butyl) (diphenyl)silylJoxyj}-2-methyl-1,3-dioxan-4-yl|-2-(phenylmethyl)-
isoxazolidin-5-yl}carbonyl)-1,3-oxazolidin-2-one (15b). Colorless oil. R; (AcOEt/hexanes 50:50) 0.39. [a]y =
+16.0 (¢c=0.1, CHCL;). IR (film): 3064, 3031, 2954, 2928, 2856, 1779, 1705, 1496, 1471, 1463, 1456, 1387, 1361,
1325, 1260, 1224, 1161, 1108, 1041, 1007. 'H-NMR (400 MHz, CDCl;)"): 7.52-7.50, 7.35-7.23 (2m, Ph); 5.58 (dd,
J=8.5, 6.1, H-C(5)); 470 (g, J=5.0, H-C(2))); 4.46-4.36 (m, CH,(5")); 4.30 (d, J=13.6, 1 H of PhCH,);
4.11- 4.07 (m, H,— C(6'), 1 H of PhCH,); 4.04-4.00 (m, CH,(4")); 3.93 (ddd, J=9.7, 8.5, 4.2, H-C(5')); 3.54 -
3.48 (m, H-C(4'), H-C(3)); 3.39 (dd, J=10.4, 10.4, H,—C(6")); 2.86 (ddd, ] =13.5, 8.6, 5.2, H,—C(4)); 2.66
(ddd, J=13.1, 72, 6.0, H,—C(4)); 1.36 (d, J=5.0, H=C(7’)); 0.89 (s, t-Bu); 0.11, 0.09 (25, Me,Si). *C-NMR
(100 MHz, CDCl3)"): 172.8 (C=0); 152.9 (OC(O)N); 1384, 129.2, 128.1, 126.9 (PhCH,)); 99.1(C(2)); 84.0
(C(4)); 76.9 (C(5)); 71.2 (C(6)); 65.1 (C(3)); 64.6 (C(5')); 63.5 (PhCH,); 62.6 (C(5")); 42.6 (C(4")); 36.8
(C(4));25.7 (Me;C); 20.4 (C(7')); 17.8 (Me;C); —3.8, —4.6 (Me,Si).

3-({(3S,5R )-3-[ (2R,4S,5R )-5-{[ (tert-Butyl) (diphenyl)silylJoxy}-2-methyl-1,3-dioxan-4-yl]-2- (phenylmethyl)-
isoxazolidin-5-yl}carbonyl)-1,3-oxazolidin-2-one (16b). Yellowish oil. R; (AcOEt/hexanes 50:50) 0.22. [a]¥ =
—51.3 (¢=0.1, CHCL). IR (film): 3064, 3029, 2956, 2930, 2885, 2858, 1778, 1717, 1472, 1463, 1410, 1389, 1363,
1262, 1226, 1158, 1116, 1042, 1007. 'H-NMR (400 MHz, CDCl;)"): 7.49-7.47, 7.35-7.25 (2m, Ph); 5.44 (dd, J =
9.8,5.2, H-C(5)); 4.67 (¢, =5.0, H-C(2')); 4.50 - 4.46 (m, CHy(5")); 4.16 (d, J = 14.0, 1 H of PhCH,); 4.12—
4.05 (m, H-C(4")); 4.02-3.95 (m, H.— C(6'), H-C(4")); 4.09 (d,J=13.7, 1 H of PhCH,); 3.49 (dd, J =8.9, 0.7,
H-C(4)); 3.41-3.35 (m, H-C(3), H-C(5')); 3.32 (dd, 7=9.9, 9.9, H,—C(6')); 2.83 (ddd, J =12.8, 9.4, 9.4,
H,—C(4)); 2.67 (ddd, J=12.8, 5.4, 5.4, H,—C(4)); 1.29 (d, J=5.0, H-C(7')); 0.82 (s, +-Bu); 0.03, —0.01 (2s,
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Me,Si). BC-NMR (100 MHz, CDClL;)'): 170.2 (C=0); 153.5 (OC(O)N); 136.5, 129.1, 128.3, 127.3 (Ph); 98.4
(C(2)); 80.6 (C(4')); 76.3 (C(5)); 71.1 (C(6')); 64.1,62.9 (C(3), C(5)); 62.9 (C(5")); 61.0 (PhCH,); 42.5 (C(4"));
32.6 (C(4));25.6 (Me5C);20.4 (C(7)); 177 (MesC); — 4.4, — 4.9 (Me,Si). Anal. calc. for C,sH3sN,O,Si (506.66):
C 59.26, H 7.56, N 5.53; found: C 59.25, H 792, N 5.67.

X-Ray Crystal-Structure Analysis of (22)%). The analysis was performed at 100+2 K on a KUMA CCD
k-axis diffractometer with graphite-monochromated MoK, radiation (A= 0.71073 A). The crystal was positioned
62.2 mm away from the KM4CCD camera. A total of 1332 frames were measured at 0.9° intervals on a counting
time of 10 s. Data collection, cell refinement, and data reduction were carried out with the Kuma diffraction
programs CrysAlis CCD and CrysAlis RED [10]. The data were corrected for Lorentz and polarization effects,
but no absorption correction was applied. The structures were solved by direct methods [11], and refined with
SHELXL [12]. The absolute configuration was assigned by reference to a stereogenic center conserved during
the synthetic procedure. The refinement was based on F? for all reflections, except for those with very negative
F? values. The wR and all goodness-of-fit S values were based on F2. The non-H-atoms were refined
anisotropically, and the H-atoms were placed in the calculated positions. The atomic scattering factors were
taken from [13]. Crystallographic data: colorless crystal (0.1 x 0.25 x 0.3 mm) from EtOH; formula, C;¢H,;NOy;
M, 293.35; orthorhombic, space group P2,2,2,, with a =6.448 (1), b =13.778 (1), c =17.087 (2) A; V=1518.0 (3)
A3; Z=4; D, =1.284 Mg/m3; F(000) = 632; 1= 0.092 mm~!; data range, 4.33° < ©® <24.99°; —7<h<7, —16<
k<15, —20<1<20; 17185 reflections collected, 1555 unique reflections (R(int)=0.0503); 193 refined
parameters; goodness-of-fit on F2, 1.072; final R =0.0324, wR?=0.0810 (for all 1462 F,>4 o(F,)); R=0.0347,
wR?=0.0826 (for all data), weight =1/[¢*(F3) + (0.0516P)>+ 0.29P], where P = (Fj+2 F?)/3; maximum and
minimum difference electron densities of 0.132 and —0.203 e A,
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