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Abstract - This paper describes the preparation of several y-heterosubstituted
o, -hexenolides and their 1,3-dipolar cycloaddition to 2,3,4,5-
tetrahydropyridine 1-oxide. In all these reactions the formed tricyclic
cycloadducts arise exclusively from an exe transition state and the antifacial

approach of the reactants 1s preferred.

Among many different strategies used in the synthesis of the indohzidine class of alkaloids,! one involving the
mtermediacy of a perhydroisoxazolo{2,3-a]pyridine system has found remarkable success in some cases.?
When using this approach, the features of the target molecule may require that this heterocyclic system
incorporates multiple stereocenters in a precise relative configuration and, therzfore, it may be quite
convenient to generate it in a stereospecific fashion. The 1,3-dipolar cycloaddition reaction of 2,3,4,5-
tetrahydropyridine 1-oxide (1) to alkenes has proven to be very effective to this end and, for that reason, we
have dedicated many efforts to fully understand the stereochemical course of this reaction. Our studies
indicated that five, six, and seven membered o,f3-unsaturated lactones add regiospecifically to nitrone (1}
affording isoxazolidines with the electron-withdrawing group attached to the 4-position and we were able to
conclude also that in all cases an exo approach of the reactants in the transition state is preferred.3

In order to apply the results of these studies to the synthesis of some interesting alkaloids, we have prepared

several y-substituted o, -hexenolides and performed their cycloadditions to nitrone (1). In this paper we wish

to describe the results of these experiments.
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RESULTS AND DISCUSSION

For our synthetic purposes, the nature of the group at the y-position of the o,-hexenohde should make 1t
susceptible of nucleophilic displacement 1n a later stage of the synthetic pathway: bromine, oxygen, and sulfur
were considered appropriate atoms meeting this requirement. The preparation of the selected lactones 1s
showed in Scheme 1. Allylic bromination of 6,7-dihydro-2(5H)-oxepinone (2)* with NBS in refluxing carbon
tetrachloride afforded in 96% yield the corresponding 3-bromo derivative (3}, which was fully characterized
according to its spectroscopic properties. In the 1H nmr spectrum of this compound, the signal corresponding
to the allylic hydrogen atom appears at & 4.95 as a quadruple inplet with J values of = 4.5 Hz for the three
vicinal couplings and = 0.9 Hz for the two long distance couplings. In this reaction a 3% yield of a

dibrominated compound was also 1solated. The 1H nmr spectrum of thes minor product presents only ong

ethylemi¢c hydrogen atom at & 6.24 as a ddd with coupling constant values of 8.4, 2.5, and 0.9 Hz,
corresponding to one vicinal and twe allylic couplings; this signal and another one at & 4.94 with a single J
value of’ 8.4 Hz are diagnostic for the structure depicted in 4 and discard other possible dibrominated products.
The formation of compound (4} may be explained through a second allylic bromination followed by 1,3-
bromne rearrangement, which is consistent with the occasional isolation of small quaniities of 5,5-dibromo-
6,7-dihydro-2(5H)-oxepinone from this reaction.

All attempts to synthesize the y-hydroxy-c,f-hexenolide (5) from the brominated precursor (3) were
unsuccessful: sodium bicarbonate in acctone,’ silver nitrate in THF-water,® potassium superoxide in a two
phase solvent system,” all led 10 unidentifiable decomposition products; when the substitution reaction was
tried with silica gel in refluxing water, mstead of the expected lactone, we 1solated the known 5-(2-
hydroxyethyl}-2(5H)-furanone (6)8 in 75% yield. Our observations seem to indicate that the
hydroxyhexenolide (5) spontaneously isomerizes to the correspondig butenolide (6). Molecular mechanic
calculations performed with the MacroModel program? gave relative steric energies of 38.1 and 23.0 kcal/mol
for lactones (5) and (6) respectively. In fact, observation of molecular models shows that lactone (5) can not
exist 1n an unstrained conformation with both the carbonyl group and the double bond located on the same
plane. The synthesis of compound (5) was alternatively tried by sodium borohydride reduction of 6,7-dihydro-
5-0x0-2(5H)-oxepinone (7) which had in turn been prepared from 2 by allylic oxidation with chromium oxide
in a mixture of acetic anhydnde/acetic acid!? in 62% yield. The reduction of 7 afforded butenolide (6) as the
only isolable compound in 46% yield. Considering these results we turned out our attention to the acetate (8},

which was obtained through treatment of bromide (3} with silver acetate in refluxing ether!? in 51% yield
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after purification by flash chromatography. Another less polar compound could be also isolated in 16% vield,

which was fully characterized as the regioisomer (9).
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Scheme 1

In order to introduce the sulfur substituent, bromide (3) was heated in acetone in the presence of potassium
thicacetate for 10 minutes.!2 This reaction afforded 70% yield of S-acetylthio-6,7-dihydro-2(3H)-oxepinone
(10) instead of the desired isomer (11). Deconjugation of the double bond was avoided by performing the
reaction at O °C in the same solvent. In these conditions the expected thicacetate (11) was obtained in 98%
yield. A perfect matching between the spectroscopic data of compounds (3, 8, and 11) is observed (sce
experimental section).

In the previously studied 1,3-dipolar cycloaddition of nitrone (1) o 6,7-dihydro-2(5H)-oxepinone (2} we had

observed that in order to get a good degree of conversion in a reasonable time the temperatures required were
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higher than those for the additions to six and five membered lactones. Nevertheless the stereoselectivity of the
reaction was not affected by the increase of the temperature and only one cycloadduct (12) was always
1solated whose exo stereochemistry was unequivocally established through NOE and HetNOE
experiments. 313 In view of this precedent, the cycloaddition reactions of nitrone (1) to hexenolides (3, 8, and
11) were performed in toluene at 100 °C with an excess of nitrone (1), they were monitored by tlc and stopped
when the starting lactone disappeared; all crude products were purified by flash chromatography. In the case
of hexenolide (3), after 5 hours of reaction, a single adduct was isolated in 70% yield, while hexenolides (8)
and (11} required shorter reaction times of 2 and 1.5 hours respectively and, in both cases, two isomeric

products were obtained with overall yields of 98% for 8 and 92% for 11 (Scheme 2).
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1 X=H, 2 X=Y=H, 12, 79%
X=Br, 3 X=H, Y=Br, 13, 70%
X=0Ac, 8 X=H, Y=0Ac, 14, 72% X=0Ac,Y=H, 15, 26%
X=SAc, 11 X=H, Y=SAc, 16, 75% X=SAc, Y=H, 17, 17%

Scheme 2

As in the unsubstituted previously described parent compound (12), the cycloadducts formed in these
reactions present in solution a nitrogen inversion process slow enough to allow the observation of the trans
and cis nvertomers as separate sets of signals in the 'H nmr spectra at room temperature.313 Although the
ratio between both invertomers is solvent dependent, in all the isolated cycloadducts the trans fused conformer
always predominaltes, as it can be deduced from the chemical shift differences between the two protons
attached to the methylenic carbon atom o to the nitrogen.14 Selected nmr data for the zrans invertomer of
compounds (12-17) are collected in Table 1. Thus, for the major invertomer of all the cycloadducts prepared
the equatorial a-nitrogen proton at Cg resonates around 1 ppm downfield with respect to its geminal axial

proton. For all the new compounds obtained (13-17) the pattern of the 1H nmr spectra corresponding to their
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trans invertomers is quite similar to that observed for the previously described unsubstituted cycloadduct (12),

with the value of the coupling constant between protons Hyj, and Hyp always in the range 9.5-10.0 Hz.
Therefore we assign a trans relationship to these protons according with the expected exo stereochemistry of
the transition state. In the major adducts (13, 14, and 16) the observed J value of at least 11 Hz between
protons Hs and Hs, ts characteristic of a trans sterecchemistry, while in the minor isomers (15 and 17) the

smaller values observed for J5 5, denote that these protons are cis to each other. These results are in agreement
with a predominance of an antifacial approach of the reactants in the transition state. Although efforts were
made to exther 1solate or detect the exo-syn adduct corresponding to the reaction of the bromohexenolide (3),

this isomer could never be observed.

Table 1. Selected 1H nmr data (400 MHz, ds-acetone) for the trans-invertomer of compounds (11-17).

Compoud 8Hgeq dHgax Jl1alib transs 5a ©i5J5.5
12 3.27 2.37 9.5 12.5 2.9
13 3.39 243 9.5 11.7
14 3.34 2.39 9.6 11.0
15 3.26 235 9.9 1.7
16 3.32 2.38 9.5 12.1
17 3.27 2.36 9.9 34

In conclusion, we have synthesized several new heterosubstituted hexenolides that are useful
multifunctionalized synthons, Their 1,3-dipolar cycloaddition reactions to nitrone (1) have occurred with the
expected exo stereochemistry and antifacial selectivity. Through these reactions we have prepared a series of
perhydrooxepino{3',4":4,5]isoxazolo[2,3-a]pyndin- 1-ones. The conversion of all these cycloadducts in more

elaborated valuable synthetic intermediates is currently being investigated.

EXPERIMENTAL
Commercial grade solvents were used without [urther purification. Reaction mixtures were stirred
magnetically. The organic extracts were dried over anhydrous sodtum sulfate. The reaction course was

monitored by tlc using hexane-ethyl acetate 1/1 as eluent. Reaction times were prolonged until disappearance
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of the starting materials. Reaction solutions were concentrated using a rotary evaporator at 15-20 Torr. Flash
column chromatographies were performed by using silica gel (230-400 mesh). Melting points have becn
determined on a Kofler hot stage and are corrected. The ir spectra were recorded on a Nicolet 5 ZDX
spectrophotometer. The 400 MHz pmr and 100 MHz cmr spectra were recorded on Bruker AM-400-WB or
AC-400-NB nstruments. Mass spectra and gc-ms analyses at 70 eV were recorded on a Hewlett-Packard
5985B gc-ms system; only peaks with higher intensity than 20% are reported, uniess they belong to molecular
10ns or to significant fragments.

2,3,4,5-Tetrahydropyridine 1-oxide (1)

This nitrone was prepared in chloroform immediately before use according to the described method}3 and the
solvent was exchanged through evaporation under reduced pressure followed by addition of toluene.
6,7-Dihydro-2(5H)-oxepinone (2)

This lacione was synthesized by the previously reported method.#

Allylic bromination of 2

A surred solution of 1.47 g (13.1 mmol) of 2 and 2.33 g (13.1 mmol) of N-bromosuccmimide in 100 ml of
carbon tetrachloride was heated at the reflux temperature. After 5 min, 0.075 g (0.31 mmol) of dibenzoyl
peroxide were added and.the mixture was kept on refluxing for 45 min. The cooled reaction mixture was
filtlered and the solvent removed Lo obtamn 2.59 g of a red oil, which after purification by (lash column
chromatography afforded by elution order 102 mg (3%) of 3,5-dibromo-6,7-dihydro-2(3H )-exepinone (4) and
2.39 g (96%) of 5-bromo-6,7-dihydro-2(5H)-oxepinone (3).

3.5-Dibromo-6,7-dihydro-2{ 3H)-oxepinone (4): 'TH Nmr (250 MHz, CDClz) § 2.95 (dddd, Jg,6=19.6 Hz,
J6.7=3.5 Hz, Jg,7=1.4 Hz, Js4=0.9 Hz, 1H: Hg), 3.33 (ddddd, Jg ¢=19.6 Hz, Jg 7=12.1 Hz, Jg 7=3.6 Hz,
Je4=2.5 Hz, Jg 3=1.2 Hz, IH: Hg), 4.26 (dt, J7,7=13.2 Hz, J; 6=J7 §=3.6 Hz, 1H: H7), 4.94 (br d, }; 4=8.4 Hz,
1H: H3), 5.21 (ddd, J7 7=13.2 Hz, J76=12.1 Hz, J7 =1.4 Hz, 1H: Hy}, 6.24 (ddd, J4 3=8.4 Hz, J4 ¢=2.5 Hz,
J4,6=0.9 Hz, 1H: Hg); 13C nmr (62.5 MHz, CDCl3) 8 38.9 (C3, DEPT), 40.4 (Cg, DEPT), 65 2 (C7), 124.1 (C4,
DEPT), 130.3 (Cs, DEPT), 166.1 (Cy); ir (film) 2923 (w), 1736 (s), 1641 (m), 1458 (w), 1282 (s), 1241 (s),
1076 {(s) cm-1; ms (m/z) 272-270-268 (M+, 1,2, 1), 191 (12), 189 (13), 163 (25}, 161 (40}, 147 (25), 145 (28),
133 (40), 131 (35), 67 (86), 51 (100). Anal. Calcd for CeHgO2Br2: C, 26.70; H, 2.24; Br, 59.21. Found: C,
26.76; H, 2.23; Br, 59.56.

5-Bromo-6,7-dihydro-2(5H)-oxepinone (3): YH Nmr (400 MHz, CDClz)} & 2.63 (m, 2H: Hg, Hg), 4.28 (dddd,

J7.7=13.0 Hz, J=4.5 Hz, I'=3.4 Hz, J7 5=0.9 Hz, 1H: Hy), 4.52 (ddd, J; 7=13.0 Hz, J=5.3 Hz, J'=4.0 Hz, 1H:
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Hy), 4.95 (4t. 3xJ~4.5 Hz, J5 3=J5 7=0.9 Hz, 1H: Hs), 5.93 (dd, J3 4=12.5 Hz, J3 5=1.0 Hz, 1H: H3), 6.43 (dd,
J43=12.5 Hz, J4,5=4.3 Hz, 1H: Hy); 13C nmr (62.5 MHz, CDCl3) § 37.0 (Cg), 47.2 (Cs), 63.7 (C7), 120.8
(Ca), 140.9 (Cy), 166.3 (Ca); ir (film) 2979 (w), 2954 (w), 1704 (s), 1468 (m), 1406 (s), 1294 (), 1219 (s),
1199 (s), 1073 (s), 840 (s) cm-1; ms (m/z) 192-190 (M*, 1, 1), 111 (45), 83 (69), 81 (69), 53 (100). Anal. Caled
for CgH70,Br1: C, 37.90; H, 3.71; Br, 41.54. Found: C, 37.68; H, 3.78; Br, 41.53,
6,7-Dihydro-5-0x0-2(5H)-oxepinone (7)

To a mixture of 30 mi of acetic anhydride and 50 ml of glacial acetic acid, 4.0 g (40.0 mmcl) of chromium(lI1)
oxide were added in small portions and the resulting mixture was diluted with 30 ml of benzene under ice-
cooling and vigorous stirring. Then a solution of lactone (2) (0.9 g, 8.0 mmol) in 5 ml of benzene was added
dropwise and stirnng was followed under 15 ©C for 2 h. The reaction mixture was treated with water (100 ml)
and the agqueous phase extracted with ether (3 x 50 ml). The combined organic extracts were dried, filtered,
and the solvent was evaporated to give a sohd residue which after purification by flash chromatography (ether-
cthyl acetate 1/1) yielded 630 mg (62%) of 6,7-dihydro-5-0x0-2(5H)-oxepinone (T) as a white solid; mp 79-80
oC (crystallized from hexane). H Nmr (250 MHz, CDCl3) 82.95 (1, J=5.1 Hz, 2H: Hg), 4.52 (t, J=5.1 Hz, 2H:
H7), 6.40 (d, J=12.4 Hz, 1H), 6.56 (d, J=12.4 Hz, 1H); }3C nmr (62.5 MHz, CDCl3) & 43.3 (Cg), 63.6 (C7),
130.1 (C3), 136.2 (C4), 165.2 (Ca), 198.0 (Cs); ir (film) 3360 (m), 3044 (m), 1715 (s), 1694 (s}, 1609 (m),
1314 (), 1159 (s}, 1040 (s), 850 (s) cm-1; ms (m/z) 126 (M*+, 39}, 99 (100), 98 (62), 82 (48), 54 (88), 53 (20),
42 (39). Anal. Caled for CgHgO3: C, 57.14; H, 4.80. Found: C, 57.28; H, 4.80.

Reaction of 3 with silver acetate

To a solution of (1.5 g (2.62 mmol) of 3 in 50 ml of ether, 656 mg (3.93 mmol) of silver acetate were added
and the mixture stirred in the dark for 4 h. Then a second addition of 437 mg (2.62 mmol) of silver acetale was
done and heating prolonged for another additional 4 h. The sohd residue was filtered through celite and the
solvent evaporated Lo obtain 380 mg of an oily product. Purilicanon by flash chromatography (hexane-ethyl
acetate 3/1) produced by elution order 70 mg (16%) of 3-acetoxy-6,7-dihydro-2(3H)-oxepinone (9) and 226
mg (51%) of 5-acetoxy-6,7-dihydro-2(5H)-oxepinone (8).

3-Acetoxy-6,7-dihydre-2{3H)-oxepinone (9): 1H Nmr (250 MHz, CDCl3) 8 2.17 (s, 3H: CH3C0OQ), 2.45 (m,
1H: Hg), 2.62 (m, 1H: Hg), 4.33 (dddd, J7,7=13.0 Hz, J76=4.4 and 2.8 Hz, J7 5=1.6 Hz, 1H: Hy), 4.61 (td,
J7 7=13.0 Hz, J7 6=13.0 and 2.2 Hz, 1H: Hy), 5.52 (dq, T4 5=11.7 Hz, J43=J4 6=J46=2.2 Hz, 1H: Hy), 5.78
(ddddd, J5 4=11.7 Hz, J5 3=4.5 Hz, J5 6=J56=2.9 Hz, J5 7=1.6 Hz, IH: Hs), 6.32 (dddd, J3 5=4.5 Hz, J36=3.0
and 1 6 Hz, J3 4=2.2 Hz, 1H: H3); 13C nmr (62.5 MHz, CDCl3) 8 20.6 (CH3C00), 29.7 (Cg), 64.8 (C7), 68.4
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(Ca), 122.9 (C4), 128.8 (Cs), 168.8 (C2), 169.8 (CH3CO0); ir (film) 2922 (w), 1743 (s), 1658 (w), 1481 (w),
1373 (s), 1236 (s), 1226 (s), 1174 (s), 1070 (s), 1056 (s) cm-L; ms (m/z) 171 (M++1,0.3), 128 (17), 110 {2), 84
(38}, 83 (22), 43 (100). Anal. Caled for CgHy1g04: C, 56.45; H, 5.93. Found: C, 56.54; H, 5.94.
S-Acetoxy-6,7-dihydro-2(5H)-oxepinone (8): TH Nmr (250 MHz, CDCl3) § 2.05 (s, 3H: CH3C00), 2.18
(ddddd, Je 6=16.1 Hz, J67=6.2 Hz, J6 5=5.2 Hz, J6 7=2.1 Hz, Js 4=1.0 Hz, 1H: He), 2.41 (dddd, J¢ ¢=16.1 Hz,
J¢,7=8.7 Hz, J¢ 5=6.0 Hz, Jg' 7=2.4 Hz, 1H: Hg'), 4.22 (ddd, J7 7=12.7 Hz, J7 6=6.2 Hz, J7 ¢=2.4 Hz, 1H: H7),
4.34 (ddd, J7 7=12.7 Hz, J7 ¢=8.7 Hz, I7 6=2.1 Hz, 1H: Hy), 5.53 (dddd, J5 6=6.0 Hz, J5 6=5.2 Hz, J5 4=3.9
Hz, }53=1.4 Hz, 1H: Hs), 6.04 (dd, J3,4=12.4 Hz, J3 5=1.4 Hz, 1H: H3), 6.28 (ddd, J43=12.4 Hz, J4 5=3.8 Hz,
Ja6=1.0 Hz, 1H: Ha); 13C nmr (62.5 MHz, CDCl3) 8 20.8 (CH3CQO), 33.1 (Cg), 63.7 (C7), 69.5 (Cs), 122.9
(C3), 139.8 (Cy), 167.0 (Ca), 169.7 (CH3CO0Y; ir (film) 2931 (w), 1735 (s}, 1709 (s), 1643 (w), 1471 (w),
1234 (s), 1219 (5), 1055 (s) cm-}; ms (m/z) 128 (M1, 27), 110 (17), 53 (25), 43 (100). Anal. Caled for
CgH1004: C, 56.45;, H, 5.93. Found: C, 56.22; H, 5.93.

Reaction of 3 with potassium thioacetate

To a solution of 112 mg (0.5% mmoi) of 3 in 10 ml of freshly distilled acetone at 0 °C under argon, 67 mg
(0.59 mmol) of potassium thicacetate were added in small portions, and the mixture stirred at 0 ¢C for 1 h. The
solid residue was filtered and the solvent evaporated. The oily residue obtained was purified by flash column
chromatography to yield 107 mg (98%) of 35-acetylthio-6,7-dihydro-2(5H)-oxepinone (11); 1H Nmr (250
MHz, CDCI3) & 2.17 (m, 1H: Hg), 2.31 (s, 3H: CH3COS), 2.47 (m, 1H: Hg), 4.26 {m, 2H: H;, Hy), 443
(dddd, J=7.1 Hz, '=6.2 Hz, J5 4=4.4 Hz, J53=1.% Hz, 1H: Hs}, 5.96 (dd, J3 4=12.4 Hz, J3 5=1.9 Hz, 1H: Hy),
6.21 (dd, )43=12.4 Hz, J4 5=4.4 Hz, 1H: Ha); 13C nmr (62.5 MHz, CDCl3) § 30.3 (CH3COS), 34.0 (Cg), 43.4
(Cs), 65.4 (C7), 122.2 (Cq), 141.5 (C4), 167.2 (C2), 193.4 (CH3COS); ir (film) 2922 (w), 1697 (s), 1632 (w),
1468 (w), 1203 (s), 1126 (s), 1076 (s) cm-1; ms (m/z) 186 (M, 1), 144 (100), 111 (15), 43 (57). Anal. Caled
for CgH10038: C, 51.60; H, 5.41; §, 17.22. Found C, 51.50; H, 5.49; 8, 17.12,

When the same reaction was performed at the reflux temperature for 10 min, we obtamed 70% yield of 5-
acetylthio-6,7-dikydro-2(3H )-oxepinone (10): 1H Nmr (250 MHz, CDCls) 8 2.30 (s, 3H: CH3CO0S), 2.76 (m,
2H: Hg, Hg'), 3.49 (dt, J3, 4=5.8 Hz, }3 6=J3,6 =2.4 Hz, 2H: Ha, Hy"), 4.44 (dd, J=6.2 Hz, J'=4.6 Hz, 2H: Hy,
Hy), 5.96 (1, Ja 3=14 3=5.8 Hz, J4 6=]4,6=1.7 Hz, 1H: Hy); 13C nmr (62.5 MHz, CDCL) § 30.0 (CH3COS),
34.1 (Cg), 35.7 (C3), 65.2 (C7), 129.2 (C4), 130.4 (Cs), 171.3 (Cg), 194.5 (CH3COS); ir (film) 2982 (w), 2921
(w), 1736 (s), 1696 (s), 1639 (w), 1480 (w), 1120 (s), 1079 (s} om-1; ms (m/z) 186 (M, 2), 144 (51, 43 (100).
Anal, Caled for CgH10038: C, 51.60; H, 5.41; 8, 17.22. Found: C, 51.66; H, 5.47; §, 17.19,
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1,3-Dipolar cycloaddition of nitrone (1) to lactone (3)

A solution of 1, prepared from 794 mg (7.86 mmol) of N-hydroxypiperidine and 5.11 g (23.6 mmol) of yellow
HgO, in 70 ml of toluene was treated with a solution of 3 (500 mg, 2.62 mmol) for 5 h at 100 °C. After
cooling and removal of the solvent, 1.03 g of crude product was obtained as an oil. Purification by flash
column chromatography (CHaClz-ether 9/1) vielded 530 mg (70%) of pure (5RS,5aRS.] 1aSR,f1bSR})-5-
bromodecahydro-1H-oxepinof3',4':4,5 Jisoxazolof2,3-a]pyridin-1-one (13), as a viscous oil, which solidified
on standing: mp 149-150 oC (crystailized from acetone-pentane). 'H Nmr (400 MHz, acetone-dg) [trans-
invertomer] & 1.30 (qt, J10ax,10eq™T 10ax,9ax=] 10ax,11ax~12.8 HZ, J10ax 9eq=I 10ax,11eq=3-8 Hz, 1H: Hipax), 1.38
(m, 1H: Hiy1ax), 1.58 (qt, Joax,9eq™J9ax, 10ax=J9ax 8ax~13.0 Hz, Jgﬂvloeqzlgax,geqzd.l Hz, 1H: Hogx) 1.71 (m,
1H: Hi0eq). 1.80 (m, 1H: Hoeg), 2.02 (m, 1H: Hj1eq), 2.23 (ddd, J44=14.3 Hz, trans], 5=10.5 Hz, €i]4 3=4.0
Hz, 1H: Ha), 2.43 (ddd, Jgax,9ax=12.1 Hz, Jgax 8eq=9.0 Hz, Jgax 9eq=3.1 Hz, 1H: Hgax), 2.61 (ddd,
Ji1a,11ax=12.0 Hz, J11a,115=9.5 Hz, Jiia,11eq=2.4 Hz, 1H: Hy1a), 2.73 (1t, Jq g4~'ransfy 3=13.7 Hz,
0‘314,3z°i514_526.7 Hz, 1H: Ha), 3.39 (dt, J8eq,8ax=9.0 Hz, Jgeq,9ax=J8cq,9¢q=3.7 Hz, 1H: Hgeq), 3.67 (1,
J116,11a=)116,5a=9.5 Hz, 1H: Hy11), 3.90 (ddd, J5 5,=11.7 Hz, rans] 5 4=10.5 Hz, dSJ5'4=6.7 Hz, 1H: Hg), 4.19
(dd, J33=13.3 Hz, ©i5J3 4=6.8 Hz, 1H: H3), 4.33 (dd, Js, 5=11.7 Hz, J55,115=9.5 Hz, 1H: Hsa), 4.50 (4,
J3 3=trms]3 4=13.3 He, cisJ3.4=4.0 Hz, 1H: Hg), [cis-invertomer] observed absorptions 8 2.79 (m, 1H), 3.00 (m,
1H), 3.78 (m, 1H)}, 4.09 (t, J11b,11a=)11b,52=9.3 Hz, 1H: Hy1p), 4.19 (m, 1H: H3), 4.58 (1d, J33=13.4 Hz,
J34=13.4 and 3.8 Hz, 1H: H3), 4.87 (dd, J55, 5=11.4 Hz, J5,4,116=59.8 Hz, 1H: Hs,), relative area trans/cis=
85/15; 13C nmr (100 MHz, acetone-dg) [trans-invertomer] & 24.1 (C10), 25.2 (Cg), 29.9 (C11), 36.5(Cy), 46.8
{Cs}, 55.1 (C11p), 55.6 (Cg), 64.3 (C3), 70.9 (Cita), 77.5 (Csa), 171.6(C), {cis-invertomer] observed
absorptions & 19.4, 24.4, 259, 37.0, 47.7, 50.3, 51.3, 64.2, 77.2; ir (KBr) 2966 (m), 2945 (s), 2939 (s), 2920
{m}, 2886 (m), 2855 (s), 2845 {(5), 1717 (s), 1482 (m), 1392 (5), 1287 (5), 1212 (s), 1183 (s), 1158 (s), 1085
(5), 1056 (s) em-1; ms (m/z) 291-289 (M+, 12, 12), 210(9), 182 (20), 142 (20, 124 (100), 99 (50), 97 (56), 82
(34), 69 (40), 41 (64). Anal. Caled for Cj1H16NO3Br: C, 45.53; H, 5.56; Br, 27.54; N, 4.83. Found: C, 45.48;
H, 5.58; Br, 27.55; N, 4.70.

1,3-Dipolar cycloaddition of nitrene (1) to lactone (8)

A solution of 1, prepared from 588 mg (5.82 mmeol) of N-hydroxypiperidine and 3.78 g (17.5 mmol} of yellow
HgO, in 40 ml of toluene was treated with a solution of 8 (330 mg, 1.94 mmol) for 2 h at 100 °C. After
cooling and removal of the solvent, 1.11 g of crude product was obtamed as a solid. This crude material was

purified by flash column chromatography (ethyl acetate), affording the following fractions:
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-380 mg (72%) of (5RS,5aRS,11aSR, 116SR)-5-acetoxydecahydro-TH-oxepino[3',4':4,5 Jisoxazolof2,3-a]-
pyridin-1-one (14) as a white solid.

-135 mg (26%) of (5RS,5aSR,11aRS,11bRS)-5-acetoxydecahydro-IH-oxepino[3',4':4,5 Jisoxazolof2,3-a]-
pyridin-1-one (15) as a white solid,

14:mp 114-115°C(crystallized irom acetone-pentane). 1H Nmr (400 MHz, acetone-dg) [trans-invertomer} 8
1.29 (qt, J10ax,10eq=J 10ax,9ax~ 10ax,11ax*13.0 Hz, J10ax Seq=J 10ax,11eq=4.0 Hz, 1H: Hjpax), 1.39 (m, 1H:
Hyjax), 1.56 (qt, Joax,9eq=J9ax,10ax~J9ax 8ax=12.5 Hz, Joax, 10eq=J9ax,8eq=3.5 Hz, 1H: Hoax) 1.70 (m, 2H:
H10eq.Hda), 1.77 (m, 1H: Hoeq), 2.00 (s, 3H: CH3CQO0), 2.04 (m, 1H: Hj1eq), 2.39 (ddd, Jgax 9ax=12.1 Hz,
Jgax 8eq=9.0 Hz, Jgax 9eq=3.0 Hz, 1H: Hgax), 2.51 (1t, J44=trams]4 3x13 .7 Hz, €8]y 304 5+6.9 He, 1H, Hy), 2.54
(m, 1H: Hi1a), 3.34 (M, Jgeq,8ax=8.9 Hz, 1H: Hgeg), 3.59 (1, J11b,11a=7116,54=9.6 Hz, 1H: Hi1p). 4.24 (dd,
J33=13.2 Hz, €is}3 4=6.5 Hz, 1H: H3), 4.35 (dd, J54,5=10.9 Hz, J5,.11p=9.8 Hz, 1H: Hsy), 4.48 (id,
J3 3=trans]s 4 =13 3 Hz, ©18J3 4=3.8 Hz, 1H: Hg), 4.81 (ddd, J5,5,=11.0 Hz, Tansj5 ;=0 4 Hz, ¢is] 5 4=7.2 Hz, 1H:
Hs), [cis-invertomer] observed absorptions 8 2.90 (m, 1H), 3.75 (m, 1H: Hg), 3.97 (br t, J; 1b,11a=J11b 529 Hz,
TH: Hiip), 4.57 (br dt, J3 3=13.0 Hz, J3 4~13.0 and 5.0 Hz, 1H: H3), relative area transi/cis= 78/22; 13C nmr
(100 MHz, acetone-dg) [trans-invertomer] 8 20.8 (CH3COOQ), 24.1 (Cyg), 25.3 (Cy), 29.7 (C11), 30.7 (Cy),
53.5 (C11p), 55.6 (Cg), 63.1 (C3)}, 70.3 (Cy1a). 70.9 (Cs), 75.7 (Cza), 169.9/172.0 (Cy/CH3CQQ), [cis-
invertomer] observed absorptions & 19.5, 24.4, 25.7, 31.1, 49.7, 50.4, 63.0, 63.8, 70.7, 75.4; ir (KBr) 2955 (s),
2947 (s), 2927 (s), 2853 (s), 2828 (s), 1732 (s), 1720 (s), 1448 (m), 1397 (5), 1371 (8}, 1336 (s), 1295 (s), 1252
(8), 1254 (s), 1224 (5), 1217 (5), 1191 (s), 1159 (s}, 1088 (s), 1058 (s), 1020 (s}, 979 (5), 955 (5), 639 (s) cm-1;
ms (mfz) 269 (M*, 10, 226 (3), 210 (5), 124 (100), 99 (33), 69 (20), 43 (81). Anal. Calcd for C3H19NOs: C,
57.98; H, 7.12; N, 5.20. Found: C, 58.04; H, 7.16; N, 5.20.

15:mp 145-146°C(crystallized from acetone-pentane). 1H Nmr (400 MHz, acetone-dg) [trans-invertomer] &
1.30 (m, 2H: Hygax.H11ax), 1.56 (br qt, Joax 9eqJ 9ax,10ax%39ax Rax=12.5 Hz, Joax, 10eq™) 9ax 8eq=4.0 Hz, 1H:
Hoax), 1.69 (m, TH: Hipeq), 1.76 (m, 1H: Hoeg), 1.92 (s, 3H: CH3COO0), 2.10 (m, 3H: 2Hy4, Hiieq), 2.35 (ddd,
Jgax 9ax=12.2 Hz, Jgax 8eq=9.0 Hz, Jgax 9eq=3.1 Hz, 1H: Hgax} 2.44 (br td, Ji1a,1167J11a,11ax=10.2 Hz,
J11a,11eq%2.4 Hz, 1H: Hy1a), 3.29 (dddd, Jgeq,8ax=B.9 Hz, Jgeq,9ax~3.8 and 2.5 Hz, Jgeq,10¢q=0.8 Hz, 1H:
Hgeg), 3.47 (1, J11b,11a=011b,52=9.9 Hz, 1H: Hy1p), 4.20 (m, 1H: H3), 4.44 (dd, Jsa,115=10.1 Hz, J5, 5=1.7 Hz,
1H: Hsy), 4.48 (m, 1H: Hz), 5.34 (m, 1H: Hs), [cis-invertomer] observed absorptions 8 1.42 (m), 2.18 (m),
2.68 (m, J=12.0 Hz, J'=9.5 Hz, J"=2.5 Hz, 1H: Hg), 2.98 (m, 1H: Hg), 3.64 (ddd, J11a,116=10.0 Hz, J| 15 11=5.1
Hz and 1.3 Hz, 1H: Hj1a), 3.92 (1, J11b.11a%)11b,52%10.2 Hz, 1H: Hy1p), 4.93 (dd, 154.11=10.4 Hz, J5, 5=1.7
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Hz, 1H: Hsa), 5.29 (m, 1H: Hg), relative area trans/cis= 70:30; 13C nmr (100 MHz, acetone-dg) [trans-
invertomer] & 20.8 (CH3C00), 24.1 (C1g), 25.4 (C9g), 29.9-30.4 (Cyy, occult under the solvent signals), 30.7
(C4q), 53.2 (C1ib). 55.9 (Cg), 64.1 (C3), 69.5 (Cs), 70.8 (C11a), 75.4 (Csa), 169.6/172.4 (C{/CH3C00), [cis-
invertomer] observed absorptions & 18.8, 20.8, 25.3, 25.9, 31.0 (Cyg), 47.3 (C11b), 530.7 (Cg), 64.6 (C1 1), 704
(Cs), 75.6 (Csa); it (KBr) 2933 {(m), 2855 (W), 1745 (s), 1735 (s), 1231 (s) cmr-1; ms {m/z) 269 (M, 15), 226
(5), 210 (5), 124 (100), 99 (33), 43 (67). Anal. Caled for C13H19NOs: C, 57.98; H, 7.12; N, 5.20. Found: C,
5797,H,7.26; N, 5.19.

1,3-Dipolar cycloaddition of nitrone (1) to lactone (11)

A solution of 1, prepared from 651 mg (6.45 mmol) of N-hydroxypiperidine and 5.59 g (25.8 mmol} of yellow
HgO, in 40 ml of toluene was treated with a solution of 11 (400 mg, 2.15 mmol) for 1.5 h at 100 °C. After
cooling and removal of the solvent, 1.4 g of crude product was obtained as an oil. This material was purified
by flash column chromatography (ethyl acetate), affording the following fractions:

-465 mg (75%) of (3RS,5aRS, 11aSR,11bSR)-5-acetylthiodecahydro- IH-oxepinof3',4':4,5 Jisoxazolo-{2,3-a]-
pyridin-1-one (16), as a colorless oil.

-24 mg of a mixture of cycloadducts (16) and its epimer {5RS,5aSR, 11aRS8, 1 I1bRS)-5-acetylthio-decahydro-
IH-oxepinof3'.4':4,5 Jisoxazolo[2,3-aJpyridin-1-one (17).

-105 mg (17%) of cycloadduct (17), as a white solid.

16: 'H Nmr (400 MHz, acetone-dg) [frans-invertomer] & 1.30 (qt, J10ax,10eq%J 10ax 9ax~J 10ax,11ax=12.8 Hz,
J10ax 9eq=J10ax, 1 leg=4.1 Hz, 1H: Hypax), 1.35 (m, 1H: Hyax), 1.55 (qt, Joax 9eq=J 9ax, 10ax™J 9ax 8ax=12.5 Hz,
J9ax,10eq=I 9ax 8eq=4.1 Hz, 1H: Hoax) 1.69 (m, 1H: Higeg), 1.76 (m, 1H: Hoeg), 1.85 (dddd, J44=14.2 Hz,
transJ, 5=11.3 Hz, ¢i8]4 3=3.8 Hz, trans], 3<1 Hz, 1H: Hy), 2.03 (m, 1H: Hijeq), 2.29 (s, 3H: CH3COS), 2.38
(ddd, Jgax,9ax=12.2 HZ, Jgax 8eq=9.2 Hz, Jgax 9eq=3.1 Hz, 1H: Hgax), 2.41 (1, J4 4='1208]4 32133 Hz,
€isj 3xCi8]4 5~6.7 Hz, 1H: Hy), 2.57 (ddd, J 14,1 1ax=11.4 Hz, J114,116~8.9 Hz, J{1a,11eq=2.5 Hz, 1H: H11a),
3.32 (br dt, Jgeq 8ax~9.0 Hz, Jgeq 9ax™J8eq,0eq>3.0 Hz, 1H: Haeg), 3.45 (ddd, J5 5,~4208] 5 4~11.7 Hz, 5] 5 4=6.7
Hz, 1H: Hs), 3.63 (1, J11b,11a=7 115,56=9.5 Hz, 1H: Hyp), 4.21 (br dd, J3 3=13.3 Hz, ©i8]3 4=6.7 Hz, 1H: H3),
4.22 (dd, J35 5=12.1 Hz, Jsa 116=9.5 Hz, 1H: Hs,), 4.43 (td, J3 3=1105]3 4=13.3 Hz, ¢is]3 4=3.8 Hz, 1H: H3),
[cis-invertomer] observed absorptions & 2.75 (m, 1H), 2.96 (m, 1H), 3.79 (m, 1H), 4.53 (id, J=I'=13.4 Hz,
I"=3.6 Hz, 1 H), 4.72 (dd, J=11.9 Hz, J'=9.8 Hz, 1 H), relative area trans/cis= 80:20; 13C nmr (100 MHz,
acetone-dg) {trans-invertomer] & 24.1 (Cyq}, 25.3 {Cg), 29.8 (Cy1), 30.5 (CH3COS), 32.5(Cy), 41.5(Cs), 55.6

(Cg, C11b). 64.1 (C3), 70.3 (C11a), 74.9 {(C3sa), 172.1 (Cy), 194.0 (CH3COS), [cis-invertomer] observed
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absorptions & 19.1, 24.7, 25.9, 32,7, 42.0, 50.3, 51.4, 63.9, 64.0, 74.8, 172.6, 193.9; ir (film) 2930 (s), 3858
(m), 1737 (5), 1691 (s), 1545 (w), 1440 (m), 1188 (s), 1164 (s}, 1120 (s), 1107 (s), 1083 (s), 1053 (s) cm}; ms
(m/z) 287-285 (M, 1, 15), 242 (8), 210 (9), 124 (65), 113 (73), 100 (75), 71 (34), 43 (67). Anal. Calcd for
C13H1gNO4S: C, 54.72: H, 6.71; N, 4.91; S, 11.24. Found: C, 54.60; H, 6.66; N, 4.78; S, 11.40.
17:mp153-154°C (crystallized from acetone). IH Nmr (400 MHz, acetone-dg) [trans-invertomer] & 1.28 (m,
2H: Hipax: Hi1ax). 1.55 (qt, Joax 9eq=I9ax Rax=J9ax,10ax=13.0 Hz, Joax,10eq=I 9ax 8eq=4.0 Hz, 1H: Hoax), 1.67
(m, 1H: H10eq), 1.75 (m, 1H: Hoeg), 2.15 (m, 2H: Hyjeq, Hy), 2.28 (s, 3H: CH3COS), 2.36 (ddd, Jgax gax=12.2
Hz, Jgax.8eq=9.1 Hz, Jgax 9eq=3.1 Hz, 1H: Hguy), 2.49 (m, 2H: Hja, Ha), 3.27 (br dt, Jgeq‘gax=9.l Hz,
Jgeq,9ax%J8eq,9eq%2.9 Hz, 1H: Hgeg), 3.50 (t, J11h, 5= 11b,112=9.9 Hz, 1H: Hy1p), 4.28 (dd, J33~13.1 Hz,
J3,4=5.8 Hz, 1H: H3), 4.28 (dd, J54~7.6 Hz, J5 5,=4.1 Hz, 1H: Hs), 445 (td, J33=13.3 Hz, J3 4=13.3 and 3.9
H;'c, 1H: Hs), 4.55 (dd, J53,11=9-8 Hz, J55,5=3.4 Hz, 1H: Hsy), [cis-invertomer] observed absorpuions & 1.89

(1t, J=J'=14.0 Hz, J"=J"=5.0 Hz, 1H), 2.68 (ddd, J=12.5 Hz, J'=10.0 Hz, I"=2.5 Hz, 1H: Hg), 2.97 (m, 1H: Hg),
3.67 (ddd, J11a,116=9.9 Hz, J112,11=5.3 and 1.6 Hz, 1H: Hyja), 3.95 (t, J11b.5¢=7 11b,11a=10.2 Hz, 1H: Hyp),
4.56 (id, J=J'=13.2 Hz, J"=4.1 Hz, 1H), 5.07 (dd, Js53,116=10.2 Hz, Js; 5=3.4 Hz, 1H: Hs,), relative area
transicis=73:27; 13C nmr (100 MHz, acetone-dg) [trans-invertomer] & 24.1 (Cyg), 25.3 (Cg), 30.0 (C11), 30.5
(CH3COS), 32.1 (Cy), 40.9 (Cs), 54.7 (C111), 55.6 (Cg), 64.8 (C3), 70.6 (C11a), 75.0 (Csq), 172.4(Cy), 1933
{CH3COB), [cis-invertomer] observed absorphions d 18.7, 252, 25.8,32.5, 41.5, 4.0, 50.9, 64.5, 75.0, 173.1,
193.3;1r (KBr) 2937 (m), 2856 (w), 1716 (s), 1702 (s), 1429 (w) cm-l; ms (m/z) 287-285 (M+, 2, 32), 242
(26), 210 (11), 152 (30), 142 (25), 124 (100), 100 (95), 99 (39), 84 (29), 82 (23), 43 (71). Anal. Caled for
Ci3H9NO4S: C, 5472, H, 6.71; N, 4.91; S, 11.24. Found: C, 54.85; H, 6.77; N, 4.90; §, 11.28.
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