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Abstract: The 1,3-dipolar cycloadditions of the cyclic nitrones 1 and 2 to scveral y-0xo o, -unsaturated
esters, 5-10, are reported. A strong predominance of the regioisomers with the oxygen atom of the dipole
attached to the [-ester position is observed. This high regioselectivity is attributed to steric factors. The
reduction of the carbonyl group of some of the major cycloadducts is a good yielding procedure for the
preparation of some hydroxylic derivatives that are not formed or obtained only as minor stereoisomers in
the cycloadditions of the same nitrones to the corresponding y-hydroxy o, B-unsaturated esters.

© 1998 Eisevier Science Ltd. Ail rights reserved.

INTRODUCTION
The 1,3-dipolar cycloaddition of nitrones to electron-deficient olefins is a reaction that has been of
considerable use in organic chemistry. 1 Using it as the key step, a wide variety of natural products have been

synthesized, including amino sugars,2 3-amino acids,? alkaloids,# and ﬁ—lactams5 among others.

n some cases, the intermolecular version of this process suffers from a lack of regioselectivity, which is
one of its mosi severe limitations. Thus, electron-deficient monosubstituted olefins give rise to mixtures of 4-

and 5-substituted isoxazolidines.i2:6 Much luckily, when 1,2-disubstituted olefins in which one of the
substituents is an electron-withdrawing group are used as the dipolarophile component, a high regioselectivity is
usually obscrved that favors the isoxazolidine adducts with the electron-withdrawing substituent attached to the
4-position, 1a.1¢,3b,42,5b,6¢,7.8 The dominant FMO interaction for the addition of nitrones to electron-poor olefins
is HOMO(dipole)-LUMO(dipolarophile). Nevertheless, since the HOMO terminal coetficients of the nitrone are
very similar, it has been suggested that its LUMO, with a much larger coefficient on the carbon atom, controls

the regioselectivity in some cases.? There is also enough experimental evidence to consider that steric factors may
play too an important role in the regicchemical outcome of these cycloadditions. 1a.6¢
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amoiig tnem alcohols
syn, exo-anti, and exo-syn) were formed, but a high end
an ongoing program on the synthesis of alkaloids, we wanted to prepare some of the minor (or not found)
diastereoisomeric cycloadducts and the reduction of the corresponding ketones seemed a convenient way to do it.
Since y-0x0 o,B-unsaturated esters have been scarcely used as dipolarophiles, we decided to undertake a study
on the reaction of nitrones 1 and 2 with these olefins. This study would extend the knowledge of the regio- and
stereochemical outcome of nitrone cycloadditions to electron-deficient olefins and, depending on the adducts
obtained, it would give us an access to the minor (or not found) products of the cycloadditions already performed
with y-0xy o,B-unsaturated esters.8

When using 1,2-disubstituted olefins with electron-withdrawing groups attached to both ends of the
I

~ra ohnsild aenan - i Teridar My

double bond as dipolarophiles, on should expect a priori poor regioselectivi i
olefinic carbon atoms in the FMO are aimost identical.1® Also, according to Bastide and Henry-Rousseau, !
these reactions should give rise to both regioisomers in equal amounts.

To the best of our knowledge, examples of 1,3-dipolar cycloadditions of this class of olefins have been
described only for two dipoles, namely diazoalkanes!2? and azomethine imines,!3 and the regioselectivity was
always low (< 3:1). In these examples the major regicadduct has the nucleophilic end of the dipole (carbon atom
for diazoalkanes and nitrogen atom for the reported azomethine imines) linked to the carbon atom at the o-ester

osition. These results could be explained as a consequence of the greater electron-withdrawing character of the

D( I
ketone group compared with that of the ester group. 14
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Herein we report the 1,3-dipolar cycloadditions between nitrones 1 and 2 and several (E)-y-oxo o,p-
unsaturated esters, 5-10 (Figure 1), in which a remarkably high regioselectivity has been found. We also

describe the reduction of some keto cycloadducts, leading to those hydroxy derivatives that could not be prepared
in significant yields through the cycloadditions with the corresponding y-hydroxy o,B-unsaturated esters.

RESULTS AND DISCUSSION

Cycloaddition reactions. In this study we have used the cyclic nitrones 117 and 2,6¢.18 ag in the

meenciiniig .-....l ......... #ad

ST - H of B/7
previous work with y-0Xy O Jp-unsaturated esiers.® These nitro

e of E/Z isomerization, therefore
the stereochemistry of the products can be related to the endo/exo selectivily of the cycioaddition process, if a

kinetic control is operating.
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obtained from the allylic alcohols 3 and 4 and, eventually, provide an access to the minor exo stereoisomers.
Methyl (E)-5-methyi-4-oxo-2-hexenoate, 7, ethyl (E)-4-0x0-4-phenyl-2-butenoate, 8, methyl (E)-2-mcthyl-4-
oxo-2-pentenoate, 9, and methyl (E)-3-methyl-4-0x0-2-pentenoate, 10, were chosen to evaluate the influcnce of
steric factors when the carbonyl group or the double bond are differently substituted. The keto esters 512.19 and
8 arc commercially available. The new compound 6 was obtained by PCC oxidation of methyl (E)-6-
(benzyloxy)-4-hydroxy-2-hexenoate.20 Although 7 was described in the literature,2! we prepared it in a much
simple way by allylic oxidation of methyl (E)-5-methyl-2-hexenoate22 with chromic anhydride in acetic
acid/acetic anhydride.23 Compounds 919¢ and 1024 were synthesized by Wittig olefination of methyl pyruvate

and 2.3-butanedione. resnectivelv

anG £,2-0UWtaliCCiOng, IGSPOLively
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1. The lelUb are referred to pure pic P
NMR absorptions were fully assigned with the help of DEPT, COSY, and 1H/13C-corrclalmn experiments. The

ated by flash chrot iatogia hy.
endo/exo stereochemistry was deduced from the value of the coupling constant J3 3, or by NOE measurements
and the regiochemistry23 was based on HMBCZ26 experiments along with the chemical shift valucs of C2 and Cj.

These diagnostic data are collected in Table 2.
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From the reaction of nitrone 1 with olefin § at room temperature (Table 1, entry 1), we isolated three
adducts that were identified as 11A (exo-ester, 56%), 11B (endo-ester, 27%) and 11C (exo-acyl, 4%). All
these products contain the perhydropyrrolo[ 1,2-blisoxazole system. When this heterocycle is trans disubstituted
at C-2 and C-3, a coupling constant J3 3, of 8.0 Hz, as in compound 11B, evidences a cis relationship between
H-3 and H-3a, while smaller values around 5 Hz, as in 11A and 11C, indicate that these two protons are
trans.7%-8 HMBC experiments, that show proton-carbon connectivities through two and three bonds, revealed
that the methyl protons of the acetyl group in compounds 11A and 11B correlate with C-2 at & 84.9 and 82.2,

racnactively while the came nraotong in 110 correlate with C-3 at 8 65 4 Due 1o the hioher dechieldino effected
l\,tDlJ\/\aLlV\/l 5 VYILLIL LUIL Odlllv yl\lt\}llu RiE A AN WURAWIALRWY VY AWML O o YV Vs AU LU LY AR Eind uvuAA;v‘uuA& WwLIvwWiVNE
L. 4L il vt mmnmanarad fa tha actar geann tha valna AF AR (D) .2V i ~r W) nnm in cnmemnnnde TTA
DYy n€ CArpioilyi group CoOMmpdicu 1o uic CoLlei giuup, e Vaiut UL QAU L4, L-0) 15 Cd. JU ppill 1 LUHpuUUnus 1ia
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Table 1. Isolated Yields in the Cycloadditions of Nitrones 1 and 2 to Olefins 5-10

enry nitrone olefin emp2 exo-ester (%) endo-cster (%) exo-acyl (%) endo-acyl (%) A+B/C+D

1 1 5 it 11A (56) 11B (27) 11C 4) 21:1
2 i 5 110 °C iiA (40) iiB (35 iiC (5) 13:1
3 1 6 it 1ZA (65) 12B (22) traces > 30:1
4 1 7 it 13A (60) 13B (21) > 30:1
5 2 5 rt 14A (40) 14B (36) 14C (11) 14D (3) 5.4:1
6 2 5 110°C 14A (78) 14B (6) 14C (4) 21:1
7 2 6 It 15A (38) 158 (34) 15C (12) 15D (3) 4.8:1
8 2 6 110°C 15A (70) 15B (6) 15C (7) 11:1
9 2 7 i 16A (42) 16B (35) 16C (8) traces 9.5:1
10 2 8 rt 17A (39) 17B (31) 17C (8) 17D (3) 6.4:1
11 i 9 I 18C (87)

12 1 10 n 19A (86)

13 2 9 It 20C (91)

14 2 10 rt 21A (90)

2All the reactions performed at rt were run in CH;Cl; and those at 110 °C in toluene.

and 11B but only ca. 15 ppm in the regioadduct 11C. This difference will be a criterion for the regiochemical
assignment of the rest of cycloadducts.

The high regiosclectivity (ca. 20:1) observed, with the predominance of the pair A-B over the pair C-D,
indicates that the nucleophilic oxygen atom of the nitrone attaches preferentially to the B-ester position,
conversely to what could be expected on the basis of electronic effects and previous results.!12:13 When the same
reaction was performed at 110 °C (Table 1, entry 2), we observed a slight decrease in the regloselecnvny buta

Adduct 11A 11B 11C 12A 12B  13A 13B 14A 14B 14C 14D
J33a(Hz) 47 80 51 50 80 51 80 98 79 99 80
5C, 849 822 783 849 822 828 807 820 830 751 757
5C3 553 533 654 553 532 552 532 546 524 636 61.0

Adduct  15A 15B 15C 15D 16A 16B 16C 17A 17B 17C 18C 19A 20C 21A
33 (Hz) 99 80 99 - 97 84 99 99 80 95 71 7.1 105 96
5C2  81.8 82.6 75.1 75.6 80.8 81.6 76.1 792 79.8 76.7 83.9 88.7 80.4 86.4
5C3 544 523 63.5 60.7 54.5 52.6 612 53.1 518 58.0 66.8 58.6 64.0 56.7

aThese data correspond (o the tfrans-invertomer in the adducts derived from nitrone 2.
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The cy(:loaacuuon beiween niirone 1 and olefin § at room iemperature (1abie 1, eniry 3) allowed us the
isolation and characterization of compounds 12A (65%) and 12B (22%), whose NMR data match those of
11A.B (Table 2). Traces of the exo-acyl regioisomer could only be detected. From the reaction with
dipolarophile 7 (Table 1, entry 4) we could isolate and identify only cycloadducts 13A and 13B in 60% and
21% yield, respectively. These results indicate that higher regio- and stercosclectivity are found when bulkier
substituents are bounded to the ketonc carbon atom of the dipolarophile.

The reaction between the six-membered nitrone 2 and olefin § at room temperature (Table 1, entry 5)

afforded all four possible adducts: 14A (exo-ester, 40%), its diastereoisomer 14B (endo-ester, 36%) and the
regioisomcrs 14C (exo-acyl, 11%) and 14D (endo-acyl, 3%). The NMR spectra of adducts 14A and 14C
PN S, ala PR LS ) I PN L“ ad ciagmalo atteilaitad th tha almnct avaligiva meacanna £ thhn 2o imrrartanaan A
SnoOw 4 § g SEt 01 weu Gerinea DIRMALd Al IUUWAL WU WT alliludt CALIUdLIYL 1 Uie frans Luvc:l tOmer o1 e

perhydroisoxazolo[2,3-a]pyridine ring. values of J3 35 close to 10 Hz (Table
2), indicative of a trans relationship between H-3 and H-3a.5 An HMBC experiment, that showed a correlation
between H-3a and the carbon atom of the ester group demonstrated the regiochemistry of 14A and proved that
the chemical shifts of C-2 and C-3 show the same trend as above. These 8 values were then used Lo establish the
regiochemistry of 14B-D. The NMR spectra of compounds 14B and 14D show two series of signals
corresponding to the presence of the trans and cis invertomers in a caq. 2:1 relation and the value of J3 3, close to

C
8 Hz in the trans invertomer demonstrates the cis geometry of H-3 and H-3a in these adducts.8 Under kinetic

regio- and stereoselectivity dramatically improved and adduct 14A was clearly predominant (Table 1, entry 6).
At this temperature the product distribution corresponds to the thermodynamic stability, sincc a sample of pure
14C in the same conditions was converted into a mixture of 14A-C in similar proportions to those of entry 6.
The greater stability of adduct 14A may be due to the fact that in its preferred rigid trans-fused invertomer’¢ both
substituents at C-2 and C-3 are allocated in pseudoequatorial positions, meanwhile for isomer 14B they are in
pscudoaxial orientation.

At room temperature the reaction of 2 with 6 (Table 1, entry 7) gave four compounds: 15A (exo-ester,
38%), 15B (endo-ester, 34%), 15C (exo-acyl, 12%) and 15D (endo-acyl, 3%). Their structural and

staraochemical assionment was based on the same evidences as before (Table 2). Under thermodvnamic control
stereocnemical assignment was Dasca On UG 3alne CVIACNCCS 43 DCIOTC L 14D10 £), UNCCT INermoeadynamic Conirol
e oF 1 - tha = nd ctarancalactivity nf thic curlnaddition wae alen concidarahly imnravad and 18A
1 U SCICUSCICLU VY Ut uils LytiUauuiuUil was aidsy CUISILGCTao1y iTipiovea and 154

n 1.3

was ()D[amea in 70% ylem
The reaction between 2 and 7 (Table 1, entry 9) at room temperature yielded three new adducts, 16A-C,

3

in 42%, 35%, and 8% vyield, respectively, and only traces of the endo-acyl isomer were detected. The
cycloaddition of nitrone 2 to olefin 8 (Table 1, entry 10) gave a similar result and adducts 17A-D were obtained
in 39%, 31%, 8%, and 3% yicld, respectively.

The results so far obtained indicate that in these reactions electronic effects arc overwhelmed by steric
interactions. Thus, the less sterically demanding oxygen cnd of the nitrone has been mainly linked to the more
crowded a-ketone carbon atom of the alkene. In all the cases a slight preference for the formation of isomer A

vs. B is observed. When the ester group is endo orientated (TS lcadmg Lo B) it lies d:rec,tly above/below the

- : — Lo aarhes

methyiene group adjacer
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factors.

Nitrones 1 and 2 were also added to the trisubstituted olefins 9 and 10 (Table 1, entries 11-14) and, in
each case, only one product was formed in very high yield. We exclusively isolated regioadducts in which the
oxygen end of the dipole has attached to the more substituted olefinic carbon atom. The regiochemistry of 18C,
19A, 20C, and 21A, is evidenced by the NMR absorption of H-3 as a doublet at & ca. 3.5. The exo
stereochemistry for 18C and 19A was proven by the observation of NOE on H-3a when the methyl group at C-
2 was irradiated and for 20C and 21A by the value of J3 33 = 10.0 Hz.

. . . .
Carhaonvl reduction of some cveloadducte, The hich resioselectivities encountored in the
&aL UUIIJ R AWMU VAVAR A W EEE \r‘y WAV EE L T A L3W lllbll AV&LVL’V‘V\/'I Yiviwd ASP VL SAVAVIS R A3 R WLV i Lie
rurlnadditinne nf the vnvn natore hrnnnoht ne tn cnncider the raductinn af the carhnnul arnnn far coama ~AfF tha
b_ybl\lauuluuuo UL UIV FEUAU UILLLS IUU AL WD U WUILIIULL LIV DLV LIV UL LU WAl UL Y R 51\"1}1 AUl SuULIIC UL Uuic

Y

cycloadducts. The reduction of the type A major adducts could give access to exo-anti and/or exo-syn hydroxylic
derivatives that were not formed (from nitrone 1) or obtained only as minor products (from nitrone 2) through
the cycloadditions of these nitrones to the corrresponding allylic alcohols like 3 or 4.8 The reduction of endo
adducts of type B would furnish the stereoisomers obtained as major products in the cycloadditions with the
allylic alcohols; therefore this alternative would not represent a synthetic improvement and it was excluded. The
reduction of the minor exe adducts of type C could provide new products with the structure of the regioisomers
that were never observed in the cycloadditions with the corresponding allylic alcohols. The reduction studie

derived from the keto es

'rs 5 and 6. The results are shown in Table 3.

231 u (<33 )

were nm'mrmpd with oxo ¢y cloadducts

COQMe HCOQMG HO .R H \R
’;HH‘O.:' ’Ef/a\HHon HH T
G @lpen AT AL

m had U H
N N-¢” "CO,CH, K/N~Ofr CO,CH3

a, exo-anti S, exo-syn
11Aa  n=1, R=CHj 11As 22, R=CH; 23, R=CHj3
12Aa n=1, R=CH,CH,0Bn  12As 24, R=CHCHOBN 25, R=CH>CH,0OBn
14Aa n=2, R=CHj 14As
15Aa n=2, R=CH2CH208n 15As

Figure 4

Trcatment of 11A with NaBHy4 (Table 3, entry 1) gave an inseparable 1:1.5 mixture of the unknown

~ 11 A s ov im Q

Glambinle 11 A o Q A Tion Chonging iCii Ly,
dlLUlH 1S 11AQ, €X0- ulm auu llﬂb, EAU~ .))’ s LI QO 70 UVT i

igure 4). Changing the reducing agent by
lithium tri-tert-butoxyaluminohydride (LTBA) or L-Selectride™ (Table 3, entries 2 and 3) the anti/syn ratio could

e
be modified from 1.5:1 to 1:4, respectively. The reduction of 12A with the same hydrides (Tablc 3, entries 4-6)
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Table 3. Reductions of the Carbonyl Group of several Adducts
Entry Ketone Metho Products (%) anti/syn

1 11A A 11Aab (35) 11Asb (53) 1:1.5
2 11A B 11Aab (50) 11AsP (33) 1.5:1
3 11A C 11Aab (17) 11Asb (69) 1:4
4 12A A 12Aab (36)  12Asb (54) 1:1.5
5 12A B 12Aab (47)  12Asb (39) 1.2:1
6 12A C 12Aab (10)  12AsP (74) 1:7
7 14A A 14Aac (40)  14AsC (48) 1:1.2
8 15A A 15Aac(39)  15AsC (47) 1:1.2
9 15A B 15A2°(21)  15AsC (63) 1:3
10 15A C 15Aa(14)  15As€ (69) 1:5
il i5A D i5Aac(10) 15As¢ (52) 1:5
12 14C A 22b (38) 23b (46)

13 14C B 22b (36) 23b (44)

14 14C C 22b (23) 23b (54)

15 15C A 24b (40) 25b (40)

16 15C B 24b (36) 25b (46)

17 15C C 24b (21) 25b (64)

aMethod A: NaBH4, CH»Clo/MeOH (1:1), rt; Mcthod B: LTBA, THF, -78 °C; Mecthod C: L- S(:lcctrldeO THF, -78
°C: Method D: NB-Enantride®, THF, -78 °C. bnew compound. °previously described compound.®

furnished the new alcohols 12Aa and 12ZAs also in good yields and variable anti/syn ratios. The assignment of
the relative anti/syn configuration is based on earlier observations regarding the relative polarity and some NMR
data of these kind of stereoisomers.”&8 Particularly, the anti isomer is less polar and it shows higher chemical
shifts for H-2, H-1', C-2, and C-1'and a greater value of I, 1.

Treatment of 14A with NaBHjy (Table 3, entry 7) yielded the known compounds 14Aa and 14As in 40%
and 48% yield, respectively. The reduction of 15A (Table 3, entrics 8-11) afforded the also known alcohols
A

15Aa and 15As in good yields and anti/syn ratios from 1:1.2 to 1:5. With this substrate the reduction with NB-
Ennnf««'/{a@ wac alen narfnrmaod hint the cinrancalartivity wae nnt furthar imnranvad Qinee the v addncte T4AA
rliaiiuiuc Wad AidoU pPRUliUIinntu, UUL LW SWALUSVILVUI VIL)Y FWAS 11U LWL WIVE BUPLU VLM, WJLUVL UL UAY auuuluy 2578

E ZA 7 ba Abktalaad 2o o avanllamt ialde Makla 1 anteian QY thin rntita ranmeacantc o i Al ey
ana J.DA may b€ Optaincd i CXCCLCII yicius \ld—UlC UllLlle v auu O), ULd 1VUULC ) CIILd a4 iUl supbum

synthesis of the four alcohols 14-15Aa/s than the cycloaddition between nitrone 2 ¢

and 4, in which only small percentages of these hydroxy adducts were obtained.8
Finally, we undertook the reduction of ketones 14C (Table 3, entries 12-14) and 15C (Table 3, entries
15-17). As with the former substrates, the highest stereoselectivities were obtained with L-Selectride®. The
assignment of the relative configuration at C-3/C-1' for each couple of products 22/23 and 24/25 (Figure 4)
was based on NOE experiments. Upon irradiation of H-1', the enhancement of the signal corresponding to H-2
s greater for alcohols 22 and 24 than for alcohols 23 and 25, and the opposite happens with the signal of H-3a.

Examination of molecular models shows that in the less hindered rotamer of the former isomers H-1" is close to
11 2, 27
~Ja. s’
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In conclusion, we have sh hat the cycloadditions of cyclic nitrones to y-0xo o,3-unsaturated esters
nracant an nnavnactadly hioh rogineelactivity that muct he attributad to cteric factore [Tnder kinetie enniral the
p].cocut atl ulvAapuviui IR IVAIVOVIVW LI VILY y WAL LLIUOL UL G AVBIVA W WLV 1GVIVED. VHIWGL BUIVULV VUIU UL, Uiw

endo/exo stereoselectivity is low, but it can be spectacularly improved under thermodynamic conditions. The
reduction of the major regioisomers is a good yielding procedure for the preparation of some hydroxylic
derivatives that are not formed or obtained only as minor stereoisomers in the cycloadditions of the same nitrones
to the corresponding y-hydroxy o,f-unsaturated eslers.

EXPERIMENTAL SECTION

General Procedures. See ref 7g. THF was dried by distillation over sodium benzophenone ketyl. NMR spectra

were recorded by Servei de Ressonancia Magnética Nuclear de la Universitat Autonoma de Barcelona, CDC]

2

C ICCOIUCU 3

........ ad ng enluant far NMB avnarimante Katn sctore & and 8 are commoearcially availahla Nitranae 117 and
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abkn 19 A smeamavard annnedim o f mEs miiclyr Axcrrilaad weatha Ao
206,10 were prepared according to previously described methods.

Methyl (E)-6-(benzyloxy)-4-0x0-2-hexenoate, 6

To a suspension of pyridium chlorochromate (1.81 g, 8.4 mmol) in CH,Cl, (25 mL) was added a solution
of methyl (E)-6-(benzyloxy)-4-hydroxy-2-hexenoate?0 (1.45 g, 5.8 mmol) in CH,Cl, (4 mL) and the resulting
mixture was stirred for 8 h. Ether (60 mL) was added, the solid filtered off and rinsed with cther. The solvent
was cvaporated and the residue was purified by flash chromatography using hexane-EtOAc (5:1) as eluent
yielding 1.17 g (4.7 mmol, 84% yield) of methyl (E)-6-(benzyloxy)-4-oxo-2-hexenoate, 6, as a white solid. 6:
mp 37-9 °C (ethyl acetate-pentane); IR (KBr) 1730, 1678 cm-1; IH NMR (250 MHz) § 7.35-7.20 (m, 5 H, Ph),
7.07 (d, J3, = 15.9 Hz, 1 H, H-3), 6.67 (d, Jp 3 = 15.9 Hz, 1 H, H-2), 4.49 (s, 2 H, CH,Ph), 379 (s, 3 H
OMe), 3.77 (1, Jg.5 = 6.2 Hz, 2 H, H-6), 2.90 (t, I5 s = 6.2 Hz, 2 H, H-5); 13C NMR (100 MHz) § 197.8
(C=0), 165.9 (C=0), 139.5 (C-3), 137.9 (Ph), 130.7 (C-2), 128.4 (Ph), 127.7 (Ph), 73.3 (CH,Ph), 64.8 (C-
6), 52.3 (OMe), 41.6 (C-5); MS m/z 157 (3), 156 (33), 124 (62), 114 (72), 91 (100). Anal. Calcd for
C14H1604: C, 67.73; H, 6.50. Found: C, 67.65; H, 6.50.

Methyl (A_,)-S' methvl-4-0x0-2-hexenoate, 7
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To an ice-cooled mixture of acetic act

el Al da KD v AL DY Al dn gcmall nartinng Tha mivtnra wae dilntad with hanaana AN T Y and a
a lllyullu \J..)L llls, LJo4 HHEHUL) 1L Slllall PUI v L1IC LHIALULIC Wad ULIULCU WL UCIHLLCLIU \FU 111 ) allu a4

m 22 1 o0 o r-rnA--__ _______ R I R R
solution OI lne[nyl { me[nyl 2-hexenoaie (1. g, /.Ull Ul} in benzene {3 mL) was aadea aropwise.

After 1 h stirring at 0 °C, water (100 mL) was added, the mixture was neutralized with 20% NaOH, and
extracted with ether. The solvent was removed and the residue was purified by flash chromatography using
hexanc-ether (2:1) as eluent to afford 560 mg (3.60 mmol, 51% yield) of methyl (E)-5-methyl-4-0x0-2-
hexcnoate, 7, as a colorless oil, whose spectroscopic data matched with those previously published.?! For larger
amounts of material a minor modification is useful: direct extraction with ether of the reaction mixture without
previous neutralization, followed by distillation of the acetic acid or neutralization with solid NaHCOs.

Dorintsnes hatiinns smitrnsro 1 amnd Alofin &
NEUCLHIOTN UEIWELTL Nt One 1 Guiie Uikfure o

A solution of nitrone 1 (796 mg, 9.36 mmol) and methy (E)-4-ox0-2-pentenoate, 5, (600 mg, 4.68
mmol) in CH,Cl, (30 mL) was stirred at rt for 3 d following its evolution by tic (hexane-EtOAc 1:1). Removal
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of the solvent and flash chromatography using hexane-EtOAc (from 2:1 to 1:1) as eluent afforded the following
ractions: (1) 274 me (1.290 mmol, 27% vield) of mPﬂ’l\ll (')RQ 'ZRQ 3aSR)-2-acetvihexahvdronvrrolofl 1 22
11AVUIRILS . \1) &7 1135 \1.&7 iy &7 S yavalsay Ua AR T LTAVUL Y IIIVAGI YU UL YL ULU £, 4

'y ~ oo AN M.. My 10y

ISOH'leI' .llA as a coloriess Ull and Ull) 44 Img (V.1

N L .1

blisoxazole-3-carboxylate, 11B, as a colorless oil; (i) 555 mg (2.60 mmol, 56% yicld) o
imol, 4% yield) of methyl

I
acetylhexahydropyrrolo[1,2-b]Jisoxazole-2-carboxylate, 11C, as a colorless oil. 11A: IR (film
1720, 1674 cm-1; IH NMR (250 MHz) 8 4.69 (d, J; 3 = 7.3 Hz, 1 H, H-2), 3.86 (dt, J3, 4 = 7.5 Hz, J3a3 =
J334 =47 Hz, 1 H, H-3a), 3.72 (s, 3 H, OMe), 3.29 (dd, J3, = 7.3 Hz, J3 3, = 4.7 Hz, 1 H, H-3), 3.22 (m,
1 H, H-6), 299 (dt, J s = 13.2 Hz, Jg 5= Jg 5 = 7.6 Hz, | H, H-6), 2.24 (s, 3 H, H-2'), 2.05-1.93 (m, 2 H,
H-5, H-4), 1.81-1.67 (m, 2 H, H-5, H-4); 13C NMR (100 MHz) § 204.2 (C=0), 171.2 (C=0), 84.9 (C-2),
69.5 (C-3a), 55.9 (C-6), 55.3 (C-3), 52.2 (OMe), 29.6 (C-4), 26.8 (C-2", 23.1 (C-5); MS m/z 213 (23), 182
(1), 170 (5), 110 (100), 85 (43), 70 (35), 43 (79). Anal. Calcd for C;gHsNOy4: C, 56.33; H, 7.09: N, 6.57.

’z
>
v
[#%]
“’ X3

1
Found: C, 56.33; H, 7.34; N, 6.35. 11B: IR (film) 2955, 1741, 1719, 1439 cm-!; 'H NMR (250 MHz) 3 4.67
(A 1. . —AQLI» 1 LI Y 20K /A4 1., =N HYr 1. . —AQH> 1T 2N\ AT74& (A T ~ T ~ T
\U, J23 - 4.0 114, 1 11, 1174}, J.70U \UuU, Jj’ja = U.U 114, "j,l - 7.0 114, L 11, L17J ), J. I U \\.l, "333 -~ J3334 ~ J}a4
~ 8.0 Hz, 1 H, H-3a), 3.71 (s, 3 H, OMe), 3.44 (ddd, 6.6= 142 Hz, Jo 5= 8.0 Hz, Jg 5= 3.6 Hz, | H, H-

6), 2.99 (dt, Jg ¢ = 14.2 Hz, Jg 5 = Jg 5= 8.0 Hz, 1 H, H-6), 2.29 (s, 3 H, H-2), 2.08 (m, 1 H. H-5), 1.85-
1.70 (m, 2 H, H-5, H-4), 1.57 (m, 1 H, H-4); 13C NMR (100 MHz) § 209.9 (C=0), 170.9 (C=0), 82.2 (C-2).
68.1 (C-3a), 55.8 (C-6), 53.3 (C-3), 52.0 (OMe), 26.6 (C-4), 25.6 (C-2"), 24.2 (C-5); MS m/z 213 (18), 182
(1), 170 (15), 110 (93), 86 (39), 85 (53), 43 (100). Anal. Calcd for C;gH{sNOy4: C, 56.33; H, 7.09: N, 6.57.
Found: C, 56.24; H, 7.13; N, 6.34. 11C: IR (film) 2955, 2927, 1716, 1679 cm-!; 1H NMR (250 MHz) § 4.73
(d, Jp3=7.3 Hz, 1 H, H-2), 3.73 (m, 1 H, H-3a), 3.72 (s, 3 H, OMe), 3.42 (dd, J3 5 = 7.3 Hz, J33, = 5.1
Hz, | H, H-3), 3.31 (m, 1 H, H-6), 2.98 (dt, Jg s = 13.1 Hz, J5 5 = Jg

O, I,

271 (m 2 H. H-5. H- 4. 1.75-1.55 (m . (100 MHzY § 203 G (C=()
), 2.10-1.90 (m, 2 H, H-5, H-4), 1.75-1.50 (m, 2 H, H-5, H-4); MR (] MHz) 0 203.9 (C=0),
1 Y I 7ANY aSUNe I« Js By o llle ] LO DY (Y DA\ L&A AN KL (LN EY L (AL NN /0 AN NL & /™ N2 NDY A Y
170.2 {(C=0), 78.3 {(C-2), 68.9 ({U-3a), 65.4 {(L-3), 50.2 {(L-0), 52.0 (UMe), 3U.2 {{-4), 26.5 ({C-27), 23.4 (C-

/ ) : N
5); MS m/z7 213 (22), 170 (3), 112 (34), 110 (55), 85 (94), 55 (78), 43 (100).
The same reaction was performed in toluene at 110 °C for 10 h yielding 11A (40% yield), 11B (35%
yield), and 11C (5% yield). A similar composition mixture of 11A-C was obtained when heating an analytical
sample of 11B in toluene at 110 °C overnight.

Reaction between nitrone 1 and olefin 6
A solution of nitrone 1 (624 mg, 7.34 mmol) and methyl (E)-6-(benzyloxy)-4-oxo0-2-hexenoate, 6, (912

mg, 3.67 mmol) in CH,Cly (25 mL) was stirred at rt for 2 d following its evolution by tlc (hexane-EtOAc 4:1).

nnnnnn 1 Anf tha cnly
I\DIUUVCU [§)1 I.llC O

-

n -~
/

following fractions: (i) 264 mg (0.79 mmol, 22% yie , S

oxopropyl]hexahydropyrrolo[1,2-bJisoxazole-3-carboxylate, 12B, as a colorless oil; and (ii) 795 mg (2.39
mmol, 65% yield) of its (2RS,3RS,3aRS)- isomer, 12A, as a colorless oil. 12A: IR (film) 2953, 2871, 1739,
1451 cm-1; TH NMR (250 MHz) & 7.40-7.26 (m, 5 H, Ph), 4.74 (d, Jp3=69Hz 1 H, H-2),449 (s, 2 H,
CH,-Ph), 3.86 (m, 1 H, H-3a), 3.80-3.65 (m, 2 H, H-3"), 3.72 (s, 3 H, OMe), 3.36 (dd, J3, = 6.9 Hz, J5 3,
= 5.0 Hz, 1 H, H-3), 3.21 (ddd, Js = 12.8 Hz, Jg 5 = 6.6 Hz, J5 5 = 4.4 Hz, 1 H, H-6), 3.05-2.75 (m, 3 H,
H-6, 2 H-2"), 2.09-1.84 (m, 2 H, H-4, H-5), 1.80-1.60 (m, 2 H, H-5, H-4); 13C NMR (62.5 MHz) § 205.0
(C=0), 171.4 (C=0), 137.9/128.3/127.6 (Ph), 84.9 (C-2), 73.1 (CH,-Ph), 69.6 (C-3a), 64.6 (C-3"), 56.1 (C-
6), 55.3 (C-3), 52.4 (OMe), 39.7 (C-2, 29.6 (C-4), 23.2 (C-5); MS m/z 333 (5), 114 (28), 110 (49), 91
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(100), 85 (23). Anal. Calcd for C1gH22NO<: C, 64 85; H, 6.95: N, 420, Found: C, 64.81: H 705 N 421
A 18°°4) D ’ L s 072, AN, .20, TOUNG. U, O&.81, 1, /.U, N, 4.21.
120 TR (film) 208 IRT1 1720 1481 om-1 11T NOMR 980 MITA ST AN TN e S 1T DEY A AN /4 T

Ly, UN L) £700, £407 4, 1197, 15J1 VI 7, T UINIVAR (490U i) O 7.0VU-7.&V \ill, O 1, i), 4./U (Q, J2‘3 =
48 Hz, 1 H, H-2), 447 (5, 2 H: CHyPh), 3.98 (dd, J3 34, = 8.0 Hz, T3 = 4.8 Hz, | H, H-3), 376-3.67 (m, 3
H, H-3a, 2 H-3), 3.68 (s, 3 H, OMe), 3.40 (ddd, Jg ¢ = 14.3 Hz, J5 5 = 8.0 Hz, Jg 5 = 3.3 Hz, 1 H, H-6),

3.12-2.92 (m, 3 H, 2 H-2', H-6), 2.04 (m, 1 H, H-5), 1.82-1.63 (m, 2 H, H-5, H-4), 1.54 (m, 1 H, H-4): 13C
NMR (100 MHz) 8 209.9 (C=0), 171.0 (C=0), 138.1/128.2/127.6/127.4 (Ph), 82.2 (C-2), 73.0 (CH,Ph),
68.2 (C-3a), 64.9 (C-3), 55.8 (C-6), 53.2 (C-3), 52.1 (OMe), 38.4 (C-2"), 26.7 (C-4), 24.3 (C-5): MS m/z
334 (M++1, 4), 110 (38), 91 (100), 70 (58). Anal. Caled for C1gH»3NOs: C, 64.85: H, 6.95; N, 4.20. Found:
C, 64.82; H, 7.03: N, 4.20.

nmol) and methyl (E)-5-methyl-4-oxo-2-hexcnoate, 7, (853 mg,
r

B
¢
-
=
c
=
CE
) =
i =,
=]
=

mL) was stirred at ri for 3 d foliowing its evolution by tic (hexane-EtOAc 1:1).
Removal of the solvent and flash chromatography using hexane-EtOAc (from 3:1 to 1:1) as eluent afforded the
following fractions: (i) 281 mg (1.16 mmol, 21% yield) of methyl (2RS,3RS,3aSR)-2-(2-methyl-1-
oxopropyl)hexahydropyrrolo[1,2-blisoxazole-3-carboxylate, 13B, as a colorless oil; and (ii) 788 mg (3.27
mmol, 60% yield) of its (2RS,3RS,3aRS)- isomer, 13A, as a colorless oil. 13A: IR (film) 2971, 2876, 1741,
1719 cm-1; 1H NMR (250 MHz) 3 4.85 (d, J,3 =73 Hz, 1 H, H-2), 3.86 (m, 1 H, H-3a), 3.72 (s, 3 H,
OMe), 3.34 (dd, J3, = 7.3 Hz, J3 3, = 5.1 Hz, 1 H, H-3), 3.20 (m, 1 H, H-6), 2.97 (m, 2 H, H-6, H-2)

1.88 (m, 2 H), 1.82-1.64 (m, 2 H), 1.12 (d, Jase » = 6.

@
> !

t\.)‘

18- - 0 Hz 3 108 ¢d T.. - —£0Q

AVis) (o] \iid, & 22/, 2.0L72.U% 4k iR (N "Me VA ~ KAl O Ridy iVR s LaWU U, JMe 2P — V.7 ki, J 11,
Me); 13C NMR (62.5 MHz) & 209.3 (C=0), 171.0 (C=0), 82.8 (C-2), 6 2 (C-3a), 55.7 (C-6), 55.2 (C-3),
1.8 (OMe), 37.6 (C-2), 29.3 (C-4), 22,7 (C-5), 17.8 (Me ) ‘6.8 (M

e); MS m/z 242 (M++1, 5), 241 (12),
110 (100), 85 (32). Anal. Caicd for C{pH1gNOy4: C, 59.73; H, 7.94; N, 5.80. Found: C, 59.36; H, 7.83; N,
5.80. 13B: IR (film) 2971, 2875, 1742, 1716 cm-i; 1H NMR (250 MHz) & 4.83 (d, Jp3=4.8Hz, 1 H, H-2),
4.02 (dd, J3 3, = 8.0Hz,J3 5, =48 Hz, 1 H, H-3), 3.77 (q, Ja33 = ]334 = J354 = 8.0 Hz, 1 H, H-3a), 3.72 (s,
3 H, OMe), 3.41 (ddd, Jg ¢ = 13.9 Hz, Jg 5 = 7.7 Hz, J¢ 5 = 3.3 Hz, 1 H, H-6), 3.20 (heptet, J pre = 6.9 Hz,
1 H, H-2'), 3.00 (dt, Jg ¢ = 13.9 Hz, Jg 5 = Jg 5 = 8.0 Hz, 1 H, H-6), 2.16-1.98 (m, 1 H, H-5), 1.84-1.66 (m,
2 H, H-4, H-5), 1.68-1.48 (m, 1 H, H-4), 1.12 (d, Jjy¢, 2 = 6.9 Hz, 3 H, Me), 1.05 (d, Jpe 2 = 6.9 Hz, 3 H,
Me); 13C NMR (62.5 MHz) § 214.6 (C=0), 55.8 (C-6), 53.2 (C-3

L..) AVALAL ) Iy (.10 -4 -~

Reaction between nitrone 2 and olefin §

To a solution of nitrone 2 (prepared from N-hydroxypiperidine (592 mg, 5.86 mmol) and yellow HgO
(3.810 g, 17.58 mmol)) in CH,Cl, (25 mL) was added a solution of methyl (E)-4-0xo0-2-pentenoate, 5, (500
mg, 3.90 mmol) in CH,Cl, (2 mL), and the mixture was stirred at rt for 18 h following its evolution by tlc

(hexane-EtOAc 3:1). Remaval of the solvent and flash chromatography using hexane-EtOAc (from 3:1to 1:1) as

F L B AW o L V) A Woledy RS

eluent afforded the following fractions: (i) '355mg (1.56 mmol 40% yield) of methyl (2RS,3RS,3aRS)-2-

0_1_. 2 [ R Y AN Lo T4 Y ~ 71 A1

acetylhexahydro-2H-isoxazolo{2,3-ajpyridine-3-carboxylaie, 14A, as a colorless oil; (ii) 320 mg (1.41 mmol,

acet
36% yield) of its (ZRS,3RS,3a5K)- isomer, 14B, as a coloriess oil; (iii) 9 g (0.42 mmol, 11% yield) of
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methyl (2RS,3RS,3aRS)-3-acetylhexahydro-2H-isoxazolo[2,3-a]pyridine-2-carboxylate, 14C, as a colorless

A 73 \ AT vy Y 1D amaena~l 14alAY AF it MDC 2DC 250D\ ionmanes PRSI PR 144 . TD

Un, ana ({ivy 2+ Mg (V.12 iiMOL, 570 YIC1U) U1 1> (40, AR5, 340N }- lbUlllC.l, .l'u}, dS a COI0rIess O1l. 19A! IK
SN MO AD O 171N 1 ADM 1YY NINAD 7AW NATT -\ $ 4 A0 7. 1 TY YT AN -~ e -~ T
\Ilml) LYV, L00), 1747, 1427 CHI 5, *I1 INIVIK (4UU WINZ) 0 4.40 (U, J2 3 = 4.4 11Z, | 11, H-£), 3./0 (S, 53 H:

OMe), 3.43 (m, 1 H, H-7eq), 3.24 (dd, J3 3, = 9.8 Hz, J3 = 4.4 Hz, 1 H, H-3), 2.48 (ddd, J7,y gax = 12.2
Hz, J7ax 7eq = 8-9 HZ, J74x 6eq = 3.0 Hz, 1 H, H-7ax), 2.28 (m, 1 H, H-3a), 2.27 (s, 3 H, H-2"), 2.07 (br d, J
=12.2 Hz, 1 H, H-4eq), 1.78-1.65 (m, 2 H, H-5eq, H-6eq), 1.55 (qt, Jax 6eq = J6ax,7ax = J6ax sax = 13.1 Hz,
Jeax,7eq = Joax.seq = 4.0 Hz, 1 H, H-6ax), 1.34 (4d, Jaax deq = Jaax,5ax = Jaax3a = 12.5 HZ, Jgax 50q = 3.7 Hz, |
H, H-4ax), 1.18 (qL, Jsax Seq = J5ax.4ax = Jsax,6ax = 13-0 HZ, J5ax 6eq = J5ax 4eq = 4.0 Hz, 1 H, H-5ax); 13C
NMR (62.5 MHz) § 210.7 (C=0), 171.7 (C=0), 82.0 (C-2), 70.1 (C-3a), 54.8 (C-7), 54.6 (C-3), 52.2 (OMe),

28.6 (C-4), 25.6 (C-2), 24.1 (C-6), 23.1 (C-5); MS m/z 227 (14), 196 (1), 184 (2), 124 (87), 99 (68), 84

/N0\ ££& /l"l\ A’) 71NN A...n'l Hal~d £ NNy &Q 1A. I 7 &A« NT £ 1L£ :u AN, TT ™ S,
(38), 20 (IJ/), 43 {(1UU). Alldl, LdiLlU L o1 \,11[‘1171\\14 L, QO.1494, 11, /.09, 1IN, U, 10, ruuuu \_,, 20.2U, 11, /.00,
N, 6.17. 14B: IR (film) 2949, 2858, 1740, 1721, 1439 cm1; 'H NMR (400 MHz) & (ca. 67% trans-

invertomer) 8 482 (d, J,3 =49 Hz, 1 H, H-2), 3.70 (s, 3 H, OMe), 3.48 (m, 1 H, H-7¢cq), 3.38 (dd, J33a=
7.9 Hz, J3 5 = 49 Hz, 1 H, H-3), 2.43 (ddd, J745 6ax = 12.2 Hz, J755 7¢q = 9.5 Hz, J7a5 6eq = 3-0 Hz, 1 H, H-
7ax), 2.35(t, ] = 8.2 Hz, 1 H, H-3a), 2.22 (s, 3 H, H-2"), 1.95 (br d, J = 12.5 Hz, 1 H, H-4eq), 1.82-1.48
(m, 3 H, H-5eq, H-6cq, H-6ax), 1.38-1.12 (m, 2 H, H-4ax, H-5ax); (ca. 33% cis-invertomer, observable

signals) & 4.69 (d, Jo3 = 5.5 Hz, 1 H, H-2), 3.70 (m, 1 H, H-3), 3.69 (s, 3 H, OMe), 2.95 (br t, J = 12.0 Hz,
1 H, H-7),2.25(s, 3 H, H-2"); 13C NMR (62.5 MHz) (trans-invertomer) 8§ 205.1 (C=0), 170.9 (C=0), 83.0

L RS ARy X2 VL. YADZL)

(C-2), 68.8 (C-3a), 55.4 (C-7), 52.4 (C-3), 52.0 (OMe), 27.0 (C-2), 26.6 (C-4), 24.1 (C-6), 23.2 (C-5); {cis-
invertomer, observabie signais) & 211.0 (C=0), 170.5 (C=0), 81.4 (C-2), 60.8 (C-3a), 54.8 (C-3), 50.5 (C-7),
25.7 (C-2°), 22.1/21.7/19.2 (C-6/ C-5/ C-4); MS m/z 228 (M*++1, 100), 227 (46), 196 (1), 184 (12), 124 (38),
84 (28). 43 (92). Anal. Calcd for C;H{7NOy4: C, 58.14; H, 7.54; N, 6.16. Found: C, 58.13; H, 7.56; N
6.21. 14C: IR (film) 2948, 2856, 1761, 1716, 1439 cm-1; 1H NMR (250 MHz) & 4.69 (d, Jp3=55Hz, 1 H,
H-2), 3.76 (s, 3 H, OMe), 3.47 (dd, J3 33 = 9.9 Hz, J3 5 = 5.5 Hz, 1 H, H-3), 3.50 (m, 1 H, H-7eq), 2.48

= 12.1 Hz, J—;,mpn—‘)lH? J7ax 6eq = 3-5 Hz, 1 H, H-7ax), 2.29 (m, 1 H, H-3a), 2.26 (s, 3 H,

227 (3), 184 (2), 99 (26), 55 (28), 43 (100). Anal. Calcd for C;;H;7NO4: C, 58.14: H,

7.54; N, 6.16. Found: C, 57.95; H, 7.50; N, 6.15. 14D: IR (film) 2934, 2855, 1719, 1439 cm-!; 'TH NMR
(250 MHz) (ca. 67% trans-invertomer) 8 4.92 (d, J 3 = 5.1 Hz, 1 H, H-2), 3.74 (s, 3 H, OMe), 3.59 (dd, J3 3,
= 8.0 Hz, J35 =5.1 Hz, 1 H, H-3), 3.55 (m, 1 H, H-7eq), 2.60-2.43 (m, 2 H, H-3a, H-7ax), 2.24 (s, 3 H, H-
2’), 1.95 (br d, J = 11.0 Hz, 1 H, H-4eq), 1.90-1.05 (m, 5 H, H-5eq, H-6¢q, H-6ax, H-4ax, H-5ax); (ca. 33%
i als) 8 5.00 (d, J, 3 = 6.2 Hz, 1 H, H-2), 3.73 (s, 3 H, OMec), 2.97 (br (, J =

2, VLU

(ddd, J744 sax = 12.1 Hz, J7ax 7eq = 9.1 FZ, T34 6c
220202 (m. 1 H, H-4ea), I_82-I 6 (m, 3 H, H-5¢eq, H-6eq, H-6ax), 1.50 (ad, J4uv s0r = Voo cnw = Jao0 2.
R VA A b i 177 A ? 1’7 1 73 A1 SFdA,4CY 4dX,)dX va4dX.dd
= 19N T2 T, - — 27 H,; 1 H H4avy) 121 (m 1 H_Sax) 13 NM (R2 5 MHZY § 704 § (C=0))
~ L&) LhL, J4aX’>eq — J.4 L34, 1 11, LETTAAS, 1.4 \111, 1 13, R2To4an; N ANAVRAN \LLL IVIRAL ) U aUT. T (=),
172.3 (C=C 9.9 (C-3a), 63.6 (C-3), 55.0 (C-7), 52.5 (OMe), 30.5 (C-27), 28.6 (C-4), 24.0 (C-
(

23.4 (C-5); (cis-invertomer, observable signals)
2%), 22.3/21.6/18.7 (C-4/C-5/C-6); MS m/z 227 (15), 184 (4), 124 (24), 99 (100), 69
Caled for C | H{7NOy4: C, 58.14; H, 7.54; N, 6.16. Found: C, 57.90; H, 7.36; N, 6.16.

5
1.0 (C-3a), 60.6 (C-3), 50.
(32), 43 (54). Anal.
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The same reaction was performed in toluene at 110 °C for

6
vicld). and 14C {AOZ, \np\rl\ A similar comnosition mixture of 14dA.C w

Yiviu ), an TN AEREJ. e DGl VUMY AL aid wiv

sample of 14B in toluene at 110 °C overnight.

Reaction between nitrone 2 and olefin 6

To a solution of nitrone 2 (prepared from N-hydroxypiperidine (281 mg, 2.78 mmol) and yellow HgO
(1.808 g, 8.35 mmol)) in CH,Cl, (25 mL) was added a solution of methyl (E)-6-(benzyloxy)-4-0x0-2-
hexenoate, 6, (460 mg, 1.85 mmol) in CH,Cl, (2 mL) and the mixture was stirred at 1t for 18 h following its
evolution by tlc (hexanc—EtOAc 2:1). Flash chromatography of the crude material using hexane-EtOAc (from 4:1

)
|
vl
\
)
-
.,
J

oc JZ:y'iO)(‘y; UAUplupyu exahydro-2/-isoxazolio{2,3-
alpyridine-2-carboxylate, 15C, as a colorless oil; and (iv) 21 mg (0.06 mmol, 3% yield) of its
(2RS,3RS,3aSR)- isomer, 15D, as a colorless oil. 15A: IR (film) 2933, 2858, 1736, 1442 cm-1; 1H NMR
(250 MHz) 4 7.30-7.20 (m, 5 H, Ph), 4.54 (d, J 3 =4.4 Hz, 1 H, H-2), 4.48 (s, 2 H, CH,Ph), 3.75 (t, J3: »-
= 6.4 Hz, 2 H, H-3’), 3.71 (s, 3 H, OMe), 3.42 (m, 1 H, H-7eq), 3.30 (dd, J3 3, =9.9 Hz, J3, =44 Hz, |
H, H-3), 3.01 (t, Jp 3» = 6.4 Hz, 2 H, H-2"), 2.47 (ddd, J7ax 6ax = 12.1 Hz, J74x 7¢q = 9-2 Hz, J7¢ geq = 3.0
Hz, 1 H, H-7ax), 2.30 (ddd, J3, 4ax = 11.0 Hz, J35 3 = 9.9 Hz, J3, 4¢q = 2.2 Hz, 1 H, H-32), 2.07 (br d, J =

12.3 Hz, 1 H, H-deq), 1.80-1.60 (m, 2 H, H-5eq, H-6eq), 1.51 (qt, Jﬁaxﬁeqqm 7ax = Joax.sax = 12.8 Hz,
.35 (m, 1 H, H-4ax), 1 15 (qt, Tch ~Ic

(€

52.1 (OMe) 38.1 (C-2 4.1 (C-6), 23.1 (C-5); MS m/z 347 (1), 316 (l) 256 (9), 124 (46), 99
(27), 91 (100), 84 (80). Anal Calcd for C1gHp5NOs: C, 65.69; H, 7.25; N, 4.03. Found: C, 65.63; H, 7.24:
N, 3.99. 15B: IR (film) 2949, 2858, 1739, 1450 cm-1; IH NMR (400 MHz) (ca. 70% trans-invertomer) &
7.40-7.20 (m, 5 H, Ph), 4.88 (d, Jp 3 = 4.8 Hz, 1 H, H-2), 4.48 (s, 2 H, CH,Ph), 3.82-3.70 (m, 2 H, H-3"),
3.71 (s, 3 H, OMe), 3.50 (m, 1 H, H-7eq), 3.44 (dd, J3 3, = 8.0 Hz, J3 , = 4.8 Hz, 1 H, H-3), 2.95-2.75 (m,
2 H, H-2'), 2.43 (ddd, J74y 6ax = 11.7 Hz, J7,,,79,,=91Hz F7ax.6eq = 2.6 Hz, 1 H, H-7ax), 2.34 (m, 1 H, H-

3a), 1.92 (m, 1 H, H-4eq), 1.80-1.50 (m, 3 H, H-5eq, H-6eq, H-6ax), -1.10 (m, 2 H, H-4ax, H-5ax):

4 ARy 41X

1.40
(ca. 30% cis-invertomer, observable signals) & 4.75 (d Jp3=5.1Hz, 1 H, H-2), 3.72 (m, 1 H, H-3), 3.70 (s,

1

..!

3 H, OMe), 3.50 (m, 2 H, H-3a, H-3"), 3.25 (m, 1 H, H-7), 3.05-2.90 (m, 3 H, 2 H-2', H-3), 2.58 (m, 1 H,
H-7); 13C NMR (62.5 MHz) (trans-inveriomer) & 205.4 (C=0), 170.7 (C=0), 137.8/128.0/127.3/127.2 (Ph),
82.6 (C-2), 72.9 (CH,Ph), 68.5 (C-3a), 64.6 (C-37), 55.3 (C-7), 52.3 (C-3), 51.8 (OMe), 39.6 (C-2°), 26.5

(C-4), 24.0 (C-6), 23.1 (C-5); (cis-invertomer, observable signals) & 210.5 (C=0), 170.3 (C=0), 81.2 (C-2),
60.6 (C-3a), 54.5 (C-3), 52.3 (C-7), 50.3 (C-3"), 38.2 (C-2"), 22.0/21.7/19.1 (C-4/C-5/C-6); MS m/z 347 (2),
316 (1), 256 (8), 114 (34), 100 (25), 99 (34), 91 (100), 55 (26). Anal. Caled for C19HsNOs: C, 65.69; H,
7.25: N, 4.03. Found: C, 65.53; H, 7.29; N, 4.07. 15C: IR (film) 2933, 2858, 1735, 1443 cm-!; IlH NMR

(250 MHz) & 7.35-7.20 (m, 5 H, Ph), 472 (d, Jp 3 = 5.5 Hz, 1 H, H-2), 4.48 (s, 2 H, CH,Ph), 3.82-3.72 (m,

2 H, H-3'), 3.74 (s, 3 H, OMe), 3.51 (m, 1 H, H-7eq), 3.51 (dd, J33, = 9.9 Hz, I35 = 5.5 Hz, | H, H-3),
2.90-2.72 (m, 2 H, H-2"), 2.48 (ddd, J7ax gax = 11.7 Bz, J755 7eq = 9.1 Hz, 7y 6eq = 3.3 Hz, 1 H, H-Tax),



R. Alibés et al. / Tetrahedron 54 (1998) 10857-10878 10869

34(ddd, Ja, 4., =115Hz J., =99 Hz I, . =22Hz 1THH3).202(hrd T=1241U, ooy

S AN, Y33 4ax 2. 234, 2393 .7 R, "ja,‘leq e ARy A A, RRATUQGYy LUL \UL M, J T 149 114, 1 XL, K-
QN 1 £N (e 2 LT LT Ln~ LT &an LY Lo 1 AL fen T 1T LY S TY TY ~ 12~ mra axo

‘qu), 1 oU-1.VU Ul, O 11, 1100y, 11-o0y, r1-vda), 1L.40 (l, 1 n, l—l"+dx), l LU ( 1 H, H-3ax), U NMK

(62.5 MHz) 6 205.4 (C=0), 172.3 (C=0), 137.9/128.3/127.6 (Ph), 75.1 (C-2), 73 3 (CH;,Ph), 69.9 (C-3a),
65.0 (C-37), 63.5 (C-3), 55.1 (C-7), 52.5 (OMe), 43.3 (C-2"), 28.6 (C-4), 24.1 (C-6), 23.1 (C-5); MS m/z 347
(2), 316 (1), 256 (9), 114 (31), 100 (27), 99 (34), 91 (100), 55 (25). Anal. Calcd for C19H,5NO5: C, 65.69;
H, 7.25; N, 4.03. Found: C, 65.63; H, 7.20; N, 3.99, 15D: IR (film) 2944, 2859, 1723, 1443 cm-l; lH NMR
(250 MHz) (ca. 67% trans-invertomer) & 7.35-7.20 (m, 5 H, Ph), 4.94 (d, I 3= 48 Hz, 1 H, H-2), 4.48 (s, 2
H, CH»Ph), 3.82-3.73 (m, 2 H, H-3"), 3.73 (s, 3 H, OMe), 3.68-3.50 (m, 2 H, H-7eq, H-3), 2.85-2.70 (m, 2
H, H-2"), 2.59-2.42 (m, 2 H, H-7ax, H-3a), 1.93 (m, 1 H, H-4eq), 1.80-1.08 (m, 5 H, H-5eq, H-6eq. H-6a>

ARG, 1R

H-4ax, H-5ax); (ca. 33% cis-invertomer, observable slgndls) $5.02(d, Jp3=62Hz 1H, H-2),2.97 (br

CDF‘:

)
>

-
Mo
=
0
B
i
%
—
\J(‘)

(28), 55 (_25).
The same reaction was performed in toluene at 110 °C overnight atfording 15A (70% yield), 15B (6%

yield), and 15C (7% yield).

(777 mo 7 A0 mmal) and vallaw oM
\iss 1.7 1y U yoluuw [igpyv

(4.998 g, 23.08 mmol)) in CH,Cl, (25 mL) was added a solution of methyl (E)—S—rnethyl*4 0x0-2-hexenoate, 7,

SOOI _.-A|\ 2 ral Fa| M T\ =1 A s s ‘.;.. g | P
{800 mg, 5. 13 mmiol) in Crplly (£ ml.), ana aarrior isn uowmg its evolution by tlc

(hexane-EtOAc 3:1). Flash chromatography of the crude material using hexane-EtQAc (from 3:1 to 1:1) as eluent
afforded the following fractions: (i) 549 mg (2.15 mmol, 42% yield) of methyl (2RS,3RS,3aRS)-2-(2-methyl-1-
oxopropylhexahydro-2H-isoxazolo[2,3-a]pyridine-3-carboxylate, 16A, as a colorless oil; (i) 458 mg (1.80
mmol, 35% yield) of its (2RS,3RS,3aSR)- isomer, 16B, as a colorless oil; (iii) 102 mg (0.40 mmol, 8% yield)
of methyl (2RS,3RS,3aRS)-3-(2-methyl-1-oxopropyl)hexahydro-2H-isoxazolo[2,3-alpyridine-2-carboxylate,

16C, as a colorless oil; and (iv) 15 mg of a mixture containing the endo—acyl regioisomer. 16A: IR (film) 2947,
1.7 Hz, 1 H, H-2), 3.67 (s, 3 H, OMe),

/7 1

— 47 H= 1
4.7 Kid, 1

- Q7
=Y./

T

l\) e

r
i,

-

32-

-

T

Hz, J7ax,7¢q = 9-2 HZ, J7ax 6eq =

3.1 Hz, 1 H, H-7ax), 2.26 (1d, J3d3 ’:J3a4ax =~ 9,7 HZ, J3d4eq = 2 5 HZ, H, H-3a), 2.03 (brd, J = 12.0 Hz,
| H, H-4eq), 1.75-1.60 (m, 2 H, H-5eq, H-6eq), 1.50 (qt, J()a.x,Oeq = J()ax,'/ax = Jeax,5ax = 12.0 Hz, Jéax.,7eq =
J6ax.5€q =472 HZ, 1 H, H—6ax), 1.31 (qd, J4ax,4eq = J4ax,5ax = J4ax'_3a = 12.0 HZ, J4ax,56q =353 HZ, 1 H, H-
4ax), 1.13 (m, 1 H, H-5a%), 1.08 (d, Jyge 2 = 7.0 Hz, 3 H, Me), 0.99 (d, Tyig o = 7.0 Hz, 3 H, Me): 13C
NMR (62.5 MHz) 8 215.4 (C=0), 171.9 (C=0), 80.8 (C-2), 70.3 (C-3a), 54.8 (C-7), 54.5 (C-3), 52.1 (OMe),
35.4 (C-27), 28.6 (C-4), 24.2 (C-6), 23.2 (C-5), 18.7 (Me), 17.3 (Me); MS m/z 255 (19), 224 (2), 184 (5),
124 (82), 99 (41), 43 (100). Anal. Calcd for C 1NOy4: C, 61.16; H, 8.29; N, 5.49. Found: C, 61.17: H

12 s
eL/, 77 vVl 132221 _- Sy i3,

e 1 LT LY

A7 IT. 1 1Y T‘I”\\") N\ 7 T
, 1 1, Ii1- /t:q) 2.50 144, J3 33 =

.7 Hz, 1 H, 4),36

L,
-3), 2.91 (heptet, Jp' pMe = 7.() Hz, 1
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H-2a) 191 (m 1 dea) 1 74-1 45 (m. 3 80 H-6e0 “6ax) 138110 (m 2 M Aax LI_
i1, 224, .01 L, 2 IR, f3-ely), 1.9 U, i3, AT00Y, 127004, 11-0aX), 1.00-1.1v (U, £ 11, i-4aXx, 1
Sav) 100 (d T.. ~. =70H7z T H May 101 (d L., a. =70 Hs 2 H Nalr fra DK ~ic inunrinmor
A Y, L.UT Uy JMC,Z — 1.V R4, J Lk, VAU, 1.VE \M, JMe )7 T 1.V LLE, I KD, WVIU), \CU. 2070 OIS -LLVETLOMICT,
lees Y R A0 E& Iz 1TIT LT 2771 744 T Y 2o N & P Y-V-25 & o TY YT A
0D o J.0 14, 1 0, -2}, .41 WU, J3 3, = /.U 07, J39 = 2.0 Mz, 1 1, H-3),

3 H, OMe), 3.10

(trans-invertomer) & 210.6 (C»»O), ]71.2 (C=0), 81.6 (L—Z), 68.8 (C—3a), 55.5 (C—7v), 52.6 (C-3), 52.0 (OMe),
37.5 (C-27), 26.7 (C-4), 24.2 (C-6), 23.3 (C-5), 18.2 (Me), 17.4 (Me); MS m/z 255 (12), 224 (1), 184 (18),
124 (62), 99 (54), 84 (39), 43 (100). Anal. Calcd for C13H,NOy: C, 61.16; H, 8.29; N, 5.49. Found: C,
61.19: H, 8.37; N, 5.48. 16C: IR (film) 2945, 2859, 1740, 1718, 1441 cm-!; TH NMR (250 MHz) § 4.56 (d,
Jp3 =59 Hz, 1 H, H-2), 3.70 (s, 3 H, OMe), 3.59 (dd, J3 3, =9.9 Hz, 13,2-“— .9 Hz, 1 H, H-3), 3.44 (m, 1
H, H-7¢q), 2.66 (heptet, Jp» me = 7.0 Hz, 1 H, H-2"), 2.46 (ddd, J75 gax = 12.

e SAVIC a.A

| & o L Aa~y 1781 &2 fry 2 W u_znn X A~ _Rav) 1 A'z (rd 17 A LT

iz, 0, r-=4C4 ), 1./J9-1,00 (1L, J 11, 13~Jly, 11 \1\4\1, I Ua.A,v, LA \yga ax, ,38 = 144 117,

2 e S M YY 1 ¥Y YT A __\ 1 YL £am 1 LY TY £ . \ 1 N0 1 T Al & Y YY A W A 1 N s R 4

J4ax Seq = 3.7 iz, 1 O, fn-4ax), 1.10 {(m, 1 1, r1-5ax}, 1.Us {4, Jpje 2r = nz, > 1, Me), 1.U> (d, Jpme o =
i NMR (62.5 MHz) 6 211.0 (C=0), i7 C=0), 76.1 (C-2), 70.9 (C-3a), 61.2 (C-3),

Lo

zZ n
.0 Hz, 3 H, Me); 13C 2.2 (
5.0 (C-7), 52.4 (OMe), 41.4 (C-2"), 28.4 (C-4), 24.0 (C-6), 23.1 (C-5), 17.8 (Me), 17.3 (Me); MS m/z 255
(24), 224 (2), 184 (6), 124 (90), 99 (43), 84 (52), 55 (38), 43 (100). Anal. Calcd for C13H,NOy: C, 61.16;
H, 8.29: N, 5.49. Found: C, 61.02; H, 8.33; N, 5.41.

(hexane-EtOAc 3:1). Flash chromatograpny of the crude material using hexane-EtOAc (from 3:1 to 1:1) as eluent
afforded the following fractions: (i) 573 mg (1.89 mmol, 39% yield) of ethyl (2RS,3RS.3aRS)-2-
benzoylhexahydro-2H-isoxazolo[2,3-a]pyridine-3-carboxylate, 17A, as a solid; (ii) 457 mg (1.51 mmol, 31%
yield) of its (2RS,3RS,3aSR)- isomer, 17B, as a solid; (iii) 121 mg (0.40 mmol, 8% yield) of ethyl
(2RS,3RS,3aRS)-3-benzoylhexahydro-2H-isoxazolo[2,3-a]pyridine-2-carboxylate, 17C, as a colorless oil: and
(iv) 50 mg (0.16 mmol, 3% yield) of its (2RS,3RS,3aSR)- isomer, 17D, as a colorless oil. 17A: mp 110-2 °C
(ethyl acetate-hexane); IR (KBr) 2943, 2857, 1733, 1689 cm-1; TH NMR (250 MHz) (ca. 80% trans-

invertomer) 8803 (d, J=73Hz, 2 H,Ph), 754 (t, =73 Hz, | H,Ph), 743 (1, J =73 Hz, 2 H, Ph), 539
AT — S 1T H- 1T I A1 (A T=27FHs 27H (OWH-Y 277 (dd 1., =00 H~ AA._CILIWILI
\u,J23—J.J. 04, 1 Xk Xi-4 ), .10 (Y, J — /.J XLby & LXy \IIALD ), T I\Uu,-lj ;a—J.Jlu_ J372 — J.1 114, 1 11,
H-3), 3.36 (m, 1 H, H-7eq), 2.60-2.35 (m, 2 H, H-7ax, H-3a), 2.13 (br d, J = 13.2 Hz, I H, H-4eq), 1.80-

1.35 (m, 4 H, H-6eq, H-6ax, H-3eq, H-4ax), 1.25 (t, J = 7.3 Hz, 3 H, Me), 1.20 (m, 1 H, H-5ax); (ca. 20%
cis-invertomer, observable signals) 8 5.55 (d, Jp 3 = 5.1 Hz, 1 H, H-2), 2.97 (m, 1 H, H-7); 13C NMR (62.5
MHz) (trans-invertomer) 8 196.6 (C=0), 171.5 (C=0), 135.0/133.1/129.2/128.5 (Ph), 79.2 (C-2), 70.6 (C-
3a), 61.2 (OCHy), 55.1 (C-7), 53.1 (C-3), 28.8 (C-4), 24.2 (C-6), 23.2 (C-5), 14.3 (Me); (cis-invertomer,
observable signals) & 133.6, 83.6, 65.3, 51.8, 48.9, 24.5, 23.8, 18.7; MS m/z 303 (13), 258 (2), 198 (7), 105
(100), 99 (39), 77 (60). Anal. Calcd for Cy7H,1NOy: C, 67.31; H, 6.98; N, 4.62. Found: C, 67.32: H, 7.03;

N. 469 17B' mp 63-4 °C (ethyl acetate-hexane): 1
1IN, F. U7, L, LY VT \“idiy i uvvuu&v IAQiIvy, 2

(KBr) 2938, 2857, 1734, 1690, 1447 cm-!; 'H NMR
(250 MHz) (ca. 90% trans-invertomer) 6 8.02(d, J =73 H

i) LFO PRV AV

2 H, Ph), 753 (t,] =73 Hz, 1 H, Ph), 7.41 (t,
J=7.3Hz, 2 H, Ph), 5.66 (d, Jo3 =4.8 Hz, | H, H-2), 4 0-410( 2 H, OCHy), 3.74 (dd, J3 3, = 8.0 Hz,
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J30=4.8 Hz, 1 H, H-3), 3.51 (brd, J = 9.5 Hz, 1 H, H-Teq), 2.52-2.35 (m, 2 H, H-7ax, H-3a), 2.01 (br d, J
=12 1Hz | H Hodeq). 1.78-1.50 (m. 3 H. H-6eq. H-6ax. H-5eg). 1.40-1.10 (m. 2 H H.dax H.Sax) 1 24

. oy s K Yjy 1.7 0 A7 1iEy P a3y LATUUY, 1ATVUAGNA, TATUNY )/, LTUTRL IV UL, 4 XL, TITAA, TI-JdA ], 1.4
(¢ T — 72U, H Mol (n in rtamar nhooarvahla gion S8&Y A T — &S & LY, 1 LT TI M
AL, J = 7.0 114, i, Vi, \{d. LRUILIVL, VUL Vauiv U JuL Y, 93 = 0.0 114, | I, R-4)

~

(C=0), 135.0/133.7/129.3/128.5 (Ph), 79.8 (C-2), 69.0 (C-3a), 61.0 (OCH,), 55.5 (C-7), 51.8 (C-3), 26.9
(C-4), 243 (C-6), 23.4 (C-5), 14.2 (Me); (cis-invertomer, observable signals) & 78.7 (C-2), 50.6 (C-7),
22.2/21.9/19.7 (C-6/C-5/C-4); MS m/z 303 (3), 258 (1), 198 (6), 131 (26), 105 (100), 99 (27), 77 (58), 41
(41). Anal. Caled for Cy7H;NOy: C, 67.31; H, 6.98; N, 4.62. Found: C, 67.32; H, 7.01; N, 4.74. 17C: IR
(film) 2940, 2858, 2832, 1734, 1690, 1597 cm-1; IH NMR (250 MHz) (ca. 95% trans-invertomer) 8 7.98 (d, J
=7.3Hz, 2H,Ph),7.59( J=73Hz 1 H,Ph), 747 (t,J =73 Hz, 2 H, Ph), 483 (d, J 3 = 5.7 Hz, 1 H,
H-2), 443 (dd, J3 3, = 9.5 Hz, J3 5 = 5.7 Hz, 1 H, H-3), 4.30-4.05 (m, 2 H, OCHj), 3.55 (m, 1 H, H-7eq),
2

£2 D28 frr YT T Tavy Y 1 AN 1 A0 fen S H T A H Ao H o Kav I &an M AavwN 17221 0K /s 1
053-2.35 (M, £ 0, ri-/ax, r1-3a), 1.0v-1.5v I, J n, ri-484, n-0e{, n-0ax, n-3€q, n-4ax), 1.5-1.U5 {m, i
T IT Sy 1N T 72 LT, 2LT Moy 130 NIMD 7100 MIIZ\ (40 o inuartnmary & 107 2 /0Ny 171 Q
n, ri-3dXj, 1.2U (i, J = /.5 17z, 5 ri, Micj; O OINVIR (1UU MIOZ) (Irans-inveriomer) 6 177.5 (U=Uj, 1/1.8
-~ N IE AN YT AD ﬂl ~NO s - FavYal - ¢} Pt Vol ~d L B ~ O

(( =), i36. 9/133.8/128.8/128.7 8.7

(Ph), 76.7 (C-2), 71.8 (C-3a), 61.5 (OCH,), 58.0 (C-3), 55.3 (C-7),

(C-4), 24.2 (C-6), 23.2 (C-5), 14.1 (Me); MS m/z 303 (1), 131 (23), 198 (1), 105 (100), 99 (22), 77 (54), 41
(38). Anal. Calcd for C17H,1NOy4: C, 67.31; H, 6.98; N, 4.62. Found: C, 67.28; H, 7.03; N, 4.64. 17D: IR
(film) 2942, 2857, 2828, 1733, 1689, 1447 cm-1; 1H NMR (250 MHz) (ca. 50% trans- + ca. 50% cis-
invertomer) & 7.97 (m, 2 H, Ph), 7.57 (t, J = 7.3 Hz, 1 H, Ph), 7.45 (t, J = 7.3 Hz, 2 H, Ph), 5.25 (br 8) +
5.18 (d, Jp3 = 4.8 Hz) (1 H, H-2), 472 (br t, ] = 6.0 Hz) + 4.50 (br t, J = 6.0 Hz) (1 H, H-3), 4.25-4.10 (m,
2 H, OCH,), 3.78-3.50 (m) + 2.97 (br t, ] = 13.0 Hz) + 2.68 (br t, J = 9.1 Hz) + 2.50 (br t, J = 9.3 Hz) (3 H,
2 H-7, H-3a), 1.80-0.70 (m, 6 H, 2 H-6, 2 H-5, 2 H-4), 1.18 (t, ] = 7.3 Hz, 3 H, Me); MS m/z 303 (2), 105

P Ll A § b P & F.2 134, 2 1%, VAT, 4 \L), 1UD

(100), 99 (32), 77 (46). Anal. Calcd for C17H,NO,: C, 67.31; H, 6.98; N, 4.62. Found: C, 67.20; H, 7.07:

N, 4.59.

Reaction between nitrone 1 and olefin 9

A solution of nitrone 1 (1.37 g, 16.1 mmol) and methyl (E)-2-methyl-4-0x0-2-pentenoate, 9, (1.14 g,
8.01 mmol) in CH,Cl, (38 mL) was stirred at rt for 14 d following its evolution by tlc (hexanc-E(OAc 2:1).
Removal of the solvent and flash chromatography using hexane-EtOAc (6:1) as eluent afforded the following
fractions: (i) 51 mg (0.35 mmol, 4%) of starting olefin; and (ii) 1.52 g (6.7 mmol, 87% yield) of methyl

(2RS,3RS,3aRS)-3-acetyl- -2- methv]hexahydmnvrmlnll 2-blisoxazole-2- carboxylate, 18C, as a colorless oil
18C: IR (film) 2956, 2875, 1733, 1713 cm-1; 1TH NMR (400 MHz) § 4.14 (td, J3, 2