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Abstract - This paper describes the preparation of several y-heterosuhstituted 

a ,P-hexenol ides  and their 1,3-dipolar cycloaddition to 2,3,4,5- 

tetrahydropyridine I-oxide. In all these reactions the formed tricyclic 

cycloadducts arise exclusively from an exo transttion state and the antifacial 

approach of the reactants IS preferred. 

Among many different strategies used in the synthesis of the tndoltzidine class of alkaloids,' one involving the 

mtermediacy o i  a perhydro1soxazolo[2,3-alpyridine system has found remarkable success in some cases.2 

When usmg this approach, the features of the target molecule may require that this heterocyclic system 

Incorporates multiple stereocenters in a precise relativc configuration and, therefore, it may be quite 

convenient to generate it In a stereospecific fashion. The 1,3-dipolar cycloaddition reaction of 2.3.4,s- 

tctrahydropyridine I-oxide (1) to alkenes has proven to he 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 a,a-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 aJ-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-positlon of the u,P-hexenohde should make 11 

susceptible of nucleophilic displacement ~n a later stage of the synthetic pathway: bromine, oxygen, and sulfur 

wcre considered appropriate atoms meeting this requirement. The preparation of the selected lactoncs 1s 

showed in Scheme 1. Allylic bromination of 6,7-dihydro-Z(5H)-oxepinone (2)" with NBS in refluxing carbon 

tctrdchloride afforded in 96% yield the corresponding 3-hromo derivative (3),  which was fully characterized 

according to its spectroscopic propelties. In the 'H nmr specmm of this compound, the signal corresponding 

to the allylic hydrogen atom appears at 6 4.95 as a quadruple triplet 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 

d~brominated compound was also isolated. The 'H nmr spectrum of this minor product prcscnts only one 

cthylenlc hydrogen atom at 6 6.24 as a ddd with coupling constant values of 8.4, 2.5, and 0.9 Hz, 

corresponding to one v~cinal and two allylic couplings; this signal and another one at 6 4.94 with a s~ngle J 

value of 8.4 Hz are diagnostic for the structure depicled in 4 and discard other poss~ble dibrominatcd products. 

The formation of compound (4) may be explained through a second allyllc brominat~on iollowcd by 1.3- 

bromlne rearrangement, which is consislent with the occasional isolation of small quanliues of 5,s-dibromo- 

6,7-dihydro-Z(5H)-oxepinone from this reaction. 

All attempts to synthesize the y-hydroxy-a,P-hexenolide ( 5 )  from the brominated precursor (3) wcrc 

unsuccesslul: sodium bicarbonate in a ~ c t o n e , ~  silver nitrate in THF-water,6 potassium superox~de in a two 

phase solvent system.7 all led to unidenttiiable dccomposlt~on products; when the suhstituuon rcact~on was 

tried with silica gel in refluxing water, Instead of the expected lactone, we isolated the known 5-(2- 

hydroxyethy1)-2(5H)-furanone (6)s in 75% yield. Our observations seem to ind~catc  that the 

hydroxyhexenolide (5)  spontaneously isomerizes to the correspondig butenolide (6). Molecular mechan~c 

calculations performed with the MacroModel program9 gave relative steric energies of 38.1 and 23.0 kcaVmol 

for lactones (5)  and (6)  respectively. In fact, observation of molecular models shows that lactone (5)  can not 

cx~st  in an unstrained conformat~on with both the carbonyl group and the double hond located on the same 

plane. The synthesis of compound (5) was alternatively tried by sod~um borohydride reduction of 6,7-dihydro- 

5-0x0-2(5H)-oxepinone (7) which had in turn been prepared from 2 by allylic oxidallon with chromium oxide 

in a mixmre of acetic anhydndelacets acid10 in 62% y~eld. The reduction of 7 afforded butenolide (6)  as thc 

only isolable compound in 46% yield. Considering these results we turned out our attention to the acetate (a), 
which was obtained through treatment of bromide (3)  with sllver acetate in refluxing ether" in 51% yield 
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after purificat~on by flash chromatography. Another less polar compound could be also isolated in 16% yield, 

which was fully characterized as the regio~somer (9). 

6 

Scheme 1 

In order to introduce the sulfur substituent, bromide (3) was heated in acetone in the presence of potassium 

thioacetate for 10 minutes.'Z This reaction afforded 70% yield of 5-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 0 O C  in the same solvent. In these cond~t~ons the expected thioacetate (11) was obtained in 98% 

yleld. A perfect matching between the spectroscopic data of compounds (3.8, and 11) is observed (see 

experimental section). 

In the previously studied l,%dipolar cycloaddition of nitrone (1) to 6,7-dihydro-2(5H)-oxep1none (2) we had 

observed that in order to get a good degree of conversion in a reasonable time the temperatures required werc 
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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 

isolated whose exo stereochemistry was unequivocally established through NOE and HetNOE 

e~per iments .~ . '~  In view of this precedent, the cycloaddition reactions of nitrone (1) to hcxenolides (3,8, and 

11) were performed in toluene at 100 O C  with an excess of nitrone (I), they were monitored by tlc and stopped 

when the staning 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). 

1 X=H, 2 X=Y=H, 12, 79% 

X=Br, 3 X=H, Y=Br, 13, 70% 

X=OAc, 8 X=H, Y=OAc, 14, 72% X=OAc, Y=H, 15, 26% 

X=SAc, 11 X=H, Y=SAc, 16, 75% X=SAc, Y=H, 17, 17% 

Scheme 2 

As in the unsubstltuted 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 invertomers as separate sets of signals in the 'H nmr spectra at room temperat~re.3.~3 Although the 

ratio between both invertomers is solvent dependent, in all the isolated cycloadducts the trans fused conformer 

always predominates, as it can he deduced from the chemical shift differences between the two protons 

attached to the methylenic carbon atom a to the nitrogen.14 Selected nrnr data for the trans invertomer of 

compounds (12-17) are collected in Table 1. Thus, for the major inveRomer 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 'H nmr spectra corresponding to their 
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trans invertomers is quite similar to that observed for the prev~ously described unsubstituted cycloadduct (12), 

with the value of the couplmg constant between protons HI,, and H l l b  always in the range 9.5-10.0 Hz. 

Therefore we assign a trans relationship to these protons accordmg with the expected exo stereochemistry of 

the transltlon state. In the major adducts (13.14, and 16) the observed J value of at least 11 Hz between 

protons Hs and Hs, 1s chalacteristic of a trans stereochem~stry, while in the minor isomers (15 and 17) the 

smaller values observed for Jgj, denote that these protons are cis to each other. These results are in agreement 

w ~ t h  a predominance of an antifacial approach of the reactants in the transition state. Although efforts were 

made to e~ther lsolate or detect the exo-syn adduct corresponding to the reactlon of the bromohexenolide (3), 

t h~s  isomer wuld never be observed. 

Table 1. Selected 'H nmr data (400 MHz, dsacetone) for the tram-invertomer of compounds (11.17) 

In conclusion, we have synthesized several new heterosubstituted hexenolides that are useful 

multifunctionalized synthons. Their 1.3-dipolar cycloadd~t~on reactions to nitrone (I) 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]pynd1n-l-ones. The conversion of all these cycloadducts in more 

elaborated valuable synthetic intermediates is currently being invest~gated. 

EXPERIMENTAL 

Commercial grade solvents were used without further purification. Reaction mixtures were stirred 

magnet~cally. The organic extracts were dried over anhydrous sodlum sulfate. The reactlon course was 

monitored by tlc using hexane-ethyl acetate 111 as eluent. Reaction times were prolonged until disappearance 
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of thc starting materials. Reaction solutions were concentrated using a rotary evaporator at 15-20 Tom. Flash 

column chromatographies were performed by using silica gel (230-400 mesh). Melting polnts have been 

determined on a Kofler hot slage 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 instruments. 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, unless they belong to molecular 

Ions or to significant fragments. 

2,3,4,S-Tehahydropyridine 1-oxide (1) 

This nltrone was prepared in chloroform immediately before use according to the described method15 and the 

solvent was exchanged through evaporation under reduced pressure followed by addition of toluenc. 

6,7-Dihydro-2(5H)-oxepinone (2) 

This laclonc was synthesized by the previously reported method.'' 

Allylic hromination of 2 

A sllrrcd solution of 1.47 g (13.1 mmol) of 2 and 2.33 g (13.1 mmol) of N-bromosuccinimide in 100 rnl of 

carbon tetrachlor~de was healed a1 the reflux temperature. After 5 min, 0.075 g (0.31 mmol) of dibcnzoyl 

peroxide wcrc added andthe mixture was kept on refluxing for 45 min. The cooled rcaction mlxture was 

filtered and the solvent removed to obtaln 2.59 g of a red oil, which after purification by flash column 

chromatography afforded by elutlon order 102 mg (3%) of 3..~-dibromo-6,7-dihydro-2(3H)-oxepinone (4) and 

2.39 g (96%) of 5-bronw-6,7-dihydro-Z(5H)-oxepinone (3). 

3.S-Dihrorno-6,7-dihydro-2(3H)-oxepinone (4): IH Nmr (250 MHz, CDCI1) 6 2.95 (dddd, J6,(,.=19.6 Hz, 

J6,7=3.5 Hz, 16,7'=1.4 HZ, J6,4=0.9 HZ, 1H: Hh), 3.33 (ddddd, Js.,6=19.6 Hz, J#,7'=12.1 Hz, J@ 7=3.6 Hz, 

ls.,4=2.5 Hz, J,j-,3=1.2 Hz, IH: Hs.), 4.26 (dl, J7,7,=13.2 Hz, J7,6=J7,~=3.6 Hz, 1H: H7), 4.94 (br d, 13,4=8.4 Hz, 

1H: H3), 5.21 (ddd, J7,7=13.2 Hz, J7,,j-=12.1 Hz,J7,6=1.4 Hz, IH: b), 6.24 (ddd, J4,3=8.4 Hz, 14,,j-=2.5 Hz, 

J4,6=0.9 Hz, IH: Hq); I3C nmr (62.5 MHz, CDCI3) 6 38.9 (C3, DEPT), 40.4 (C6, DEPT), 65 2 (C7), 124.1 (C4, 

DEPT), 130.3 (C5, DEPT), 166.1 (CZ); ir (film) 2923 (w), 1736 (s), 1641 (m), 1458 (w), 1282 (s), 1241 (s), 

1076 (s) cm-I; ms (mk) 272-270-268 (M+, 1,2, I), 191 (12), 189 (13). 163 (23 ,  161 (40). 147 (25). 145 (28). 

133 (40), 131 (35). 67 (86). 51 (100). Anal. Calcd for C6H602Br2: C, 26.70; H, 2.24; Br, 59.21. Found: C, 

26.76; H, 2.23; Br, 59.56. 

5-Bromo-6,7-dihydro-Z(5H)-oxepinone (3): 'H Nmr (400 MHz, CDC13) 6 2.63 (m, 2H: Hg, Hs.), 4.28 (dddd, 

J7,7=13.0 Hz, J=4.5 Hz, P 3 . 4  Hz, J7,5=0.9 Hz, IH: H7), 4.52 (ddd, J7,7=13.0 Hz, J=5.3 Hz, J'=4.0 Hz, 1H: 
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H7), 4.95 (qt, 3xJ34.5 Hz, J5,3=J5,7=0.9 Hz, 1H: Hg), 5.93 (dd, J3,4=12.5 Hz, J3,5=1.0 Hz, 1H: H3), 6.43 (dd, 

J4.3=12.5 Hz, J4,5=4.3 Hz, IH: H4); 13C nmr (62.5 MHz, CDC13) 6 37.0 (Cg), 47.2 (C5), 63.7 (C7). 120.8 

(C3), 140.9 (C4), 166.3 (C2); ir (film) 2979 (w), 2954 (w), 1704 (s), 1468 (m), 1406 (s), 1294 (s), 1219 (s), 

1199 (s), 1073 (s), 840 (s) cm-l; ms (&) 192-190 (M+, 1, I), 11 1 (45). 83 (69), 81 (69). 53 (100). Anal. Calcd 

for CgH702Br: 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(SH)-oxepinone (7) 

To a mixture of 30 ml of acetic anhydride and 50 rnl of glacial acetic acid, 4.0 g (40.0 mmol) of chromium(1ll) 

oxide were added in small portions and the resulung mixture was diluted with 50 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 OC for 2 h. The reaction mixture was treated with water (100 ml) 

and thc aqueous phase extracted with ether (3 x 50 ml). The combmed organic extracts were dried, filtered, 

and !he solvent was evaporated to give a sohd residue which after purificalion by flash chromatography (ethcr- 

ethyl acetate 111) yielded 630 mg (62%) of 6,7-dihydro-5-0x0-2(5Hj-oxepinone (7) as a white solid: mp 79-80 

O C  (crystallized from hexane). lH Nmr (250 MHz, CDC13) 6 2.95 (1, J=5.1 Hz, 2H: Hg), 4.52 (t, J=5.1 Hz, 2H: 

H7), 6.40 (d, J=12.4 Hz, lH), 6.56 (d, J=12.4 Hz, 1H); 13C nmr (62.5 MHz, CDC13) 6 43.3 (C6), 63.6 (C7), 

130.1 (C3), 136.2 (C4), 165.2 (Cz), 198.0 (Cg); ir (film) 3360 (m), 3044 (m), 1715 (s), 1694 (s), 1609 (m), 

1314 (s), 1159 (s), 1040 (s), 850 (s) cm-l; ms ( d z )  126 (M+, 39), 99 (loo), 98 (62). 82 (48), 54 (88), 53 (20). 

42 (39). Anal. Calcd for CgH603: C, 57.14; H, 4.80. Found: C, 57.28; H, 4.80. 

Reaction of 3 with silver acetate 

To a solution of 0.5 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 acctate was 

done and heating prolonged for another additional 4 h. The sohd residue was filtered through celire and the 

solvcnt evaporated lo obtain 380 mg of an oily product. Purikatlon by flash chromatography (hexane-ethyl 

acetate 3/11 produced by elution order 70 mg (16%) of 3-acetoxy-6,7-dihydro-Z(3H)-oxepinone (9) and 226 

mg (51%) olS-aceto*y-6,7-dihydro-2(7H)-oxepinonr (8). 

3-Acet~-6,7-dihydro-2(3H)-oxepinonr (9): 'H Nmr (250 MHz, CDC13) 6 2.17 (s, 3H: CH3COO), 2.45 (m, 

IH: Hs), 2.62 (m, IH: Hg), 4.33 (dddd, J7,7'=13.0 HZ, 17.6=4.4 and 2.8 Hz, J7,5=1.6 Hz, 1H: H,), 4.61 (td, 

J7.,7=13.0 Hz, J7,6=13.0 and 2.2 Hz, 1H: H?), 5.52 (dq, J4.5-11.7 Hz, J4,3=J4,g=J4,g=2.2 Hz, IH: Hq), 5.78 

(ddddd, J5,4=11.7 Hz, J5,3=4.5 HZ, 15,6-15,6=2.9 Hz, Js,7=1.6 Hz, 1H: Hg), 6.32 (dddd, Jj,g=4.5 Hz, J3,g=3.0 

and 1 6 Hz, J3,4=2.2 Hz, 1H: H3); 13C nmr (62.5 MHz, CDCI3) 6 20.6 (CH3COO), 29.7 (C6), 64.8 (C7), 68.4 
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(C3). 122.9 (C4), 128.8 (C5). 168.8 (Cz), 169.8 (CH3COO); ir (film) 2922 (w), 1743 (s), 1658 (w), 1481 (w), 

1373 (s), 1236 (s), 1226 (s), 1174 (s), 1070 (s), 1056 (s) cm-1; ms ( d z )  171 (M++l, 0.3). 128 (17), 110 (2), 84 

( 3 0  83 (22), 43 (100). Anal. Calcd for CsH1004: C, 56.45; H, 5.93. Found: C, 56.54; H, 5.94. 

5-Acetoq-6,7-dihydro-2(5HJ-oxepinone (8): 'H Nmr (250 MHz, CDC13) 6 2.05 (s, 3H: CH3COO), 2.18 

(ddddd, J s p 1 6 . 1  HZ, J6,7=6.2 HZ, Jg,5=5.2 Hz, Jg,7=2.1 Hz, J6,4=l.0 Hz, 1H: H6), 2.41 (dddd. JeS6=16.1 Hz, 

Jf,7=8.7 Hz, Jc5=6.0 Hz, Jc,7=2.4 HZ, 1H: He). 4.22 (ddd, J7,7=12.7 Hz, J7,6=6.2 Hz, J7,#=2.4 Hz, 1H: H7), 

4.34 (ddd, Jy7=12.7 HZ, h,g=8.7 HZ, J7',6=2.1 HZ, 1H: H?), 5.53 (dddd, J5 ,~=6.0  Hz, J5,6=5.2 Hz, J5,4=3.9 

Hz, J5,3=1.4 Hz, 1H: H5), 6.04 (dd, J3,4=12.4 Hz, J3,5=1.4 Hz, 1H: H3), 6.28 (ddd, J4,3=12.4 Hz, J4,5=3.8 H7., 

34,g'I.O Hz, 1H: H4); 13C nmr (62.5 MHz, CDC13) 6 20.8 (CH$00), 33.1 (Cg), 63.7 (C7), 69.5 (CS), 122.9 

(C3), 139.8 (C4), 167.0 (Cz), 169.7 (CH3COO); ir (film) 2931 (w), 1735 (s), 1709 (s), 1643 (w), 1471 (w), 

1234 (s), 1219 (s) ,  1055 (s) cm-'; ms ( 4 2 )  128 (M*, 27). 110 (171, 53 (25). 43 (100). Anal. Calcd for 

CsH1004: 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 (0.59 mmol) of 3 in 10 ml of freshly distilled acetone at 0 OC under argon, 67 mg 

(0.59 mmol) of potassium thioacetate were added in small portions, and the mixture stirred at 0 OC 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 5-ace@lthio-6.7-dihydro-2(5H)-axepinone (11): 1H Nmr (250 

MHz, CDCI3) 6 2.17 (m, 1H: Hs), 2.31 (s, 3H: CH3COS). 2.47 (m, 1H: He), 4.26 (m, 2H: H7, HT), 4 4 3  

(dddd, J=7.1 Hz, E 6 . 2  HZ, J5.44.4 Hz, J5,3=1.9 WL, 1H: Hs), 5.96 (dd, J3,4=12.4 Hz, J3,5=1.9 Hz, 1H: H3), 

6.21 (dd, 14,3=12.4 HZ, J4.54.4 HZ, 1H: h); 13C nmr (62.5 MHz, CDC13) 6 30.3 (CHICOS), 34.0 (Cg), 43.4 

('25). 65.4 (C7), 122.2 (C3). 141.5 (C4). 167.2 (Cz), 193.4 (CH3COS); ir (film) 2922 (w), 1697 (s), 1632 (w), 

1468 (w), 1203 (9 ,  1126 (s), 1076 (s) cm-l; ms ( d z )  186 (M+, I), 144 (100). 111 (15). 43 (57). Anal. Calcd 

for CgHlo03S: C, 51.60; H, 5.41; S, 17.22. Found C, 51.50; H, 5.49; S, 17.12. 

When the same reaction was performed at the reflux temperature for 10 min, we obtamed 70% yield of 5- 

uce~lthio-6,7-dihydro-Z(3H)-oxepinone (10): IH Nmr (250 MHz, CDCI3) 6 2.30 (s, 3H: CH3COS), 2.76 (m, 

2H: H6, Hs.), 3.49 (dl, J3,4=5.8 Hz. 13,6=J3,6. =2.4 Hz, 2H: H3, H3'), 4.44 (dd, J=6.2 Hz, E 4 . 6  Hz, 2H: H7, 

H7), 5.96 (tt, Jq33=Jq,3'=5.8 Hz, J+j=J4,6'=1.7 Hz, 1H: H4); l3C nmr (62.5 MHz, CDC13) 6 30.0 (CH3COS). 

34.1 (Cd, 35.7 (C3), 65.2 (C7), 129.2 (C4). 130.4 (Cs), 171.3 (Cz), 194.5 (CH3COS); ir (film) 2982 (w), 2921 

(w), 1736 (s), 1696 (s), 1639 (w), 1480 (w), 1120 (s), 1079 (s) cm-1; ms ( d z )  186 (M+, 2). 144 (51). 43 (100). 

Anal. Calcd forCgH1003S: C, 51.60; H, 5.41; S, 17.22. Found: C, 51.66; H, 5.47; S, 17.19. 
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12-Dipolar cycloaddition of nitrone (1) to lactone (3) 

A solutlon of 1, prepared from 794 mg (7.86 mmol) of N-hydroxyp~peridine and 5.1 1 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 OC. After 

cooling and removal of the solvent, 1.03 g of crude product was obtained as an oil. Purif~cation by flash 

column chromatography (CHzCI2-ether 9/11 yielded 530 mg (70%) of pure (SRS,5aRS,llaSR,IlbSR)-5- 

brumudecahydro-IH-oxepinu[3334':4,5]isuxozuiu[2,3-a]pyridin-l-une (13), as a viscous oil, which sol~d~fied 

on standing: mp 149-150 OC (crystallized from acetone-pentane). 1H Nmr (400 MHz, acetone-d6) [rrans- 

invertomerl6 1.30 (qt, J I O , . I O ~ ~ = I I O ~ ~ , ~ ~ X - ~ J I O ~ ~ , I I ~ X ~ ~ ~ . ~  Hz, Jloax,ses=J~oan.ll~3.8 Hz, 1H: hoax),  1.38 

(m, 1H: H I I ~ ) ,  1.58 (qt, J ~ a n , g e q = J 9 , , l ~ ~ J ~ , 8 a x = 1 3 3 0  Hz, Jg,,1c&gan,8+.I Hz, 1H: H9,) 1.71 (m, 

1H: Hl~eq).  1.80 (m, 1H: Hgeq), 2.02 (m, 1H: Hllul). 2.23 (ddd, J4,4=14.3 Hz, -SJ4>=10.5 Hz, ~ ~ ~ ~ ~ ~ 4 . 0  

Hz, 1H: H4), 2.43 (ddd, J8ax,9ax=12.1 Hz, JaaX.aeq=9.0 Hz, Jgax,geq=3.1 Hz, 1H: Ha,,), 2.61 (ddd, 

J11a.11ax=12.0 Hz, Jlla,llb=9.5 Hz, Jl1,,11eq=2.4 Hz, 1H: Hlla), 2.73 (tt, J4.4=t'a''sJqg=13.7 Hz, 

c's~4,3=CisJ4,5=6.7 HZ, 1H: Hq), 3.39 (dt, Jaeq,8ar=9.0 HZ, J8eq,9an-iJ8eq,9eq=3.7 Hz, 1H: b e q ) ,  3.67.(t, 

Jllb.lla=Jllb.~a=9.5 HZ, 1H: H I I ~ ) ,  3.90 (ddd, J55a=11.7 Hz,-J5.4=10.5 Hz,dsJ5,4=6.7 Hz, 1H: Hg), 4.19 

(dd, 33 .~13 .3  Hz, cisJ3,4=6.8 Hz, 1H: H3). 4.33 (dd, J5,,5=ll.7 Hz, Jsa,tlb=9.5 Hz, 1H: Hs,), 4.50 (td, 

J33-SJ3.4=13.3 H ~ , ~ ~ J 3 . 4 = 4 . 0  Hz, 1H: Y), [cis-inverlomer] observed absorptions 6 2.79 (m, IH), 3.00 (m, 

IH), 3.78 (m, lH), 4.09(t, J11b.11a=Jllb,5a=9.3 HZ, 1H: Hllb), 4.19 (m, 1H: Hj), 4.58 (td, J 3 3 4 3 . 4  Hz, 

J3,4=13.4 and 3.8 Hz, 1H: H3), 4.87 (dd, J5,,.~11.4 Hz, J5a,11b=9.8 Hz, 1H: Hsa), relative area frans/cis= 

85/15; 13c nmr (100 MHz, acetonedd [ham-invemmer] 6 2 4  I (Cm), 25.2 (C9), 29.9 ( C I A  36.5 (C4), 46.8 

(C5). 55.1 ( C I I ~ ) ,  55.6 (Ca), 64.3 (CJ), 70.9 (CII,), 77.5 (C5,4, 171.6(C1), [cis-invertomer] observed 

absorptions 6 19.4, 24.4, 25.9.37.0.47.7.50.3. 51.3, 64.2, 77.2; ir (KBr) 2966 (m), 2945 (s), 2939 (s), 2920 

(m), 2886 (m), 2855 (s), 2845 (s), 1717 (s), 1482 (m), 1392 (s), 1287 (s), 1212 (s), 1183 (s), 1158 (s), 1085 

(s), 10% (s) cm-1; ms (mlz) 291-289 (Mf, 12, 12). 210 (91, 182 (20). 142 (20), 124 (100). 99 (50). 97 (56). 82 

(34), 69 (4% 41 (64). Anal. Calcd for C11H16N03Br: 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 nitrone (1) to lactone (8) 

A solut~on of 1, prepared from 588 mg (5.82 mmol) of N-hydroxypiperidme 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 OC. After 

cwling 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: 



396 HETEROCYCLES. Vol. 40. No. 1,1995 

-380 mg (72%) of (SRS,5aRS,11aSR.11bSR)-5-acetoxydecahydro-1H-oxepino[3~,4~:4,5]isoxazoio[2,3-a]- 

pyridin-1-one (14) as a wh~te solid. 

-135 mg (26%) of (~S,5oSR,llaRS.11bRS)-5-acetoxydecahydro-1H-oxepino[3~,4':4,5]isoxazolo[2,3-a]- 

pyridin-1-one (15) as a white solid. 

14:mp 1141 15°C(c~stallized from acetone-pentane). 1H Nmr (400 MHz, acetone-d6) [trans-invertomer] 6 

1.29 (qt, J I O ~ X . I O ~ ~ = J I O ~ X . ~ ~ ~ = J I O ~ X , I I ~ ~ ~ ~ ~ . ~  Hz, J I O ~ X , ~ ~ ~ : J I ~ ~ X , I I ~ ~ ~ . O  Hz, 1H: Hload. 1.39 (m, 1H: 

H I I ~ ~ .  1.56 ('41, J9an,9eq~J9an.~~ax~J9axX~ax~12.5 HZ, Jgan,loeq:J9ax,aeq-3.5 Hz, 1H: HgaJ 1.70 (m, 2H: 

Hl0eq,H4a), 1 . 7  (m, 1H: H%q), 2.00 (s, 3H: CH3COO). 2.04 (m, 1H: Hllq), 2.39 (ddd, J&,,9,,=12.1 Hz, 

Jk.8eq=9.0 Hz, 3 & ~ . 9 ~ = 3 . 0  Hz, 1H: H d ,  2.51 (tt, Jq+PanSJ43:13.7 Hz, ~4143=J45&,9 Hz, IH, Hq), 2.54 

(m, 1H: H I I ~ ) .  3.34 (m, J~eq,&n=8.9 HZ, 1H: H8eq), 3.59 (t, J I I ~ . I I ~ = J I I ~ . ~ ~ = ~ . ~  Hz, 1H: Hllb). 4.24 (dd, 

J3,3=13.2 Hz, ~ ~ 9 1 ~ , 4 = 6 . 5  Hz, 1H: H3), 4.35 (dd, J5,,5=10.9 Hz, Jga,llb=9.8 Hz, 1H: Hga, 4.48 (td, 

J33msJ3,  =13.3 Hz, ~~~J3 ,4=3 .8  Hz, 1H: H3), 4.81 (ddd, 1 5 5  =11.0 HZ, *a"SJg,4=9.4 HZ. cisJ5,4=7.2 Hz, 1H: 

Hg), [cis-invertomer] observed absorptions 6 2.90 (m, IH), 3.75 (m, 1H: Ha), 3.97 (br t, Jllb.lla=Jllb&sa=9 Hz, 

1H: H I I ~ ) ,  4.57 (br dt. J3g:13.0 Hz, 53.4-13.0 and 5.0 Hz, 1H: H3). relative area translcis= 78/22: l3C nmr 

(100 MHz, acetone-d6) [trans-invertomerl 6 20.8 (CH3COO), 24.1 ( C I ~ ) ,  25.3 (C9), 29.7 (CII), 30.7 (Q), 

53.5 ( C I I ~ ) ,  55.6 (Ca), 63.1 (C3), 70.3 (CII.), 70.9 (Cg), 75.7 (Cg,), 169.91172.0 (CIICH~COO), [cis- 

invertomerl observed absorptions 6 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), 2855 (s), 2828 (s), 1732 (s), 1720 (s), 1448 (m), 1397 (s), 1371 (s), 1336 (s), 1295 (s), 1252 

(s), 1254 (s). 1224 (s), 1217 6).  1191 (s), 1159 (s), 1088 (s), 1058 (s), 1020 (s), 979 (s), 955 (s), 639 (s) cm-1; 

ms (mlz) 269 (M+, lo), 226 (3). 210 (5), 124 (100). 99 (33), 69  (20). 43 (81). Anal. Calcd for C13H19N05: C, 

57.98;H,7.12:N,5.20. Found: C,58.04;H,7.16:N,5.20. 

15:mp 145-146°C(cryslallized from acetone-pentane). IH Nmr (400 MHz, acetone-d6) [trans-invertomer] 6 

1.30 (m, 2H: HIO~X,HII,), 1.56 (br qt, J9ax,%~J9an,10ax~J9ax,&x~12.5 Hz, J9ax,~o&9an.8epl.0 HZ, 1H: 

H 9 d ,  1.69 (m, 1H: H1oeq), 1.76 (m, 1H: H&, 1.92 (s, 3H: CHKOO), 2.10 (m, 3H: 2H4, H l  leq), 2.35 (ddd, 

18ax,9ax=12.2 HZ, J8ax,8eq=9.0 HZ, J8ax,9eq=3.1 HZ, 1H: b a d  2.44 (br td, Jlla,llb=J11a,llax"10.2 HZ, 

J11a.11eq=2.4 HZ. 1H: HII& 3.29 (dddd, J~eq,~m-8.9 HZ. Jxq.9an-3.8 and 2.5 Hz, Jxeq.loeq=0.8 Hz, 1H: 

HSqh 3.47 (1, Jllb.lla=J1lb.5a=9.9 HZ, 1H: H I I ~ ) ,  4.20 (m, 1H: H3), 4.44 (dd, J5,,llb=lO.l Hz, J 5 ~ 1 . 7  Hz, 

1H: Hgd, 4.48 (m, 1H: H3), 5.34 (m, 1H: Hg), [cis-invertomer] observed absorptions 6 1.42 (m), 2.18 (m), 

2.68(m,J=12.0Hz,J'=9.5Hz,J"=2.5Hz, 1H: b ) ,2 .98(m,  1H: H~),3.64(ddd,Jlla.llb=10.0Hz,J~~a,~~:5.1 

HZ and 1.3 HZ, 1H: HI la), 3.92 (t, Jllb.lla"Jllb.S~F10.2 HZ, 1H: Hllb), 4.93 (dd, Jga,llb=10.4 HZ, J 5 a , ~ 1 . 7  
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Hz, 1H: Hs,), 5.29 (m, 1H: Hs), relative area translcis= 70:30; l3C nmr (100 MHz, acetoned~)  [trans- 

invertomerl6 20.8 (CH3COO), 24.1 (CIO), 25.4 (C9). 29.9-30.4 (CII, occult under the solvent signals), 30.7 

(c4). 53.2 (Cllb), 55.9 (cs), 64.1 (C3). 69.5 (Cs), 70.8 (CII,), 75.4 ( C d ,  169.61172.4 (Ci/CH3CO0), [cis- 

invertomerl observed absorptions 6 18.8,20.8,25.3,25.9,31.0 (Cq), 47.3 (Cltb), 50.7 (Cg), 64.6 (CllJ, 70.4 

(Cs), 75.6 ( C d ;  ir (KBr) 2933 (m), 2855 (w), 1745 (s), I735 (s), 1231 (s) cm-1; ms (mlz) 269 (M+, 15). 226 

(5). 210 (5). 124 (100). 99  (33). 43 (67). Anal. Calcd for Ct3H19N05: C, 57.98: H, 7.12; N, 5.20. Found: C, 

57.97. H, 7.26; N, 5.19. 

l,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 OC. After 

cooling and removal of the solvent, 1.14 g of crude product was obmned as an oil. This material was purified 

by flash column chromatography (ethyl acetate), affording the following fractions: 

-465 mg (75%) of (5R$5aRS,IlaSR,I IbSR)-5-aceryllhiodecahydro-IH-oxepim[3',4~:4,5]koxazolo-[2,3-al- 

pyridia-Lone (16). as a colorless oil. 

-24 mg of a mixture of cycloadducu (16) and its eptmer (5RS,5aSR.IlaRS,IIbRS)-5-acerylthio-decahydro- 

lH-oxepino[3'.4':4.5]~oxazolo[2,3-a]~n-l-one (17). 

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

16: IH Nmr (400 MHz, acetone-d6) [tram-invertomer] 6 1.30 (qt, J10,,10eq=J10ar,9axd~oar.~~,=12.8 Hz, 

J1o~,9.~=Jio.~.tt+.l Hz, 1H: Hto,), 1.35 (m, 1H: Htt,), 1.55 (qt, J~,~.q=Jg,,io,=Jg,~a~=12.5 Hz, 

Jg , , , 1o~~=J9~ .8~~=4 .1  Hz, 1H: ~ 9 ~ )  1.69 (m, 1H: HIOeq). 1.76 (m, 1H: H 9 4 ,  1.85 (dddd, J4,4=14.2 Hz, 

bsJ4,s=11.3 HZ, cisJ43=3.8 Hz, bsJ4j<l Hz, 1H: Hq), 2.03 (m, 1H: Hlleq), 2.29 (s, 3H: CH3COS). 2.38 

(ddd, J ~ ~ ~ , 9 ~ ~ = 1 2 . 2  Hz, Jsan,geq=9.2 Hz, JsaX,geq=3.1 Hz, 1H: Hg,,), 2.41 (tt, J4,4="ansJq,3=13.3 Hz, 

cisJ43=cisJ4,5=6.7 Hz, 1H: H4), 2.57 (ddd, J1t~l l ,=l l .4  Hz, JIla,11b=8.9 Hz, Jtla,lleq=2.5 Hz, 1H: Hlla). 

3.32 (br dt, Jh,&=9.0 HZ, Jh,9ax=Jh,g+3.0 Hz, 1H: %), 3.45 (ddd, J ~ ~ ~ J s , 4 = 1 1 . 7  Hz, ~ ~ J s , 4 = 6 . 7  

Hz, 1H: Hs), 3.63 (1, J I I ~ . I I ~ = J I I ~ . S ~ = ~ . ~  Hz, 1H: Htlb), 4.21 (br dd, J33=13.3 Hz,ci413,4=6.7 Hz, 1H: H3). 

4.22 (dd, J s , ,~12 .1  Hz, Jsa,llb=9.5 Hz, 1H: H h ) ,  4.43 (Id, J3j=bSJ3,4=13.3 Hz, ~ i ~ ~ ~ , ~ = 3 . 8  Hz, 1H: H3), 

[cis-invertomerl observed absorptions 6 2.75 (m, IH), 2.96 (m, IH), 3.79 (m, IH), 4.53 (td, J=3'=13.4 Hz, 

JN=3.6 Hz, 1 H), 4.72 (dd, J=11.9 Hz, Jf=9.8 Hz, 1 H), relative area trans/&= 80:20; ' 3 ~  nmr (100 MHz, 

acetone-d6) [trans-invertomerl6 24.1 (Cto), 25.3 (C9). 29.8 (CI I), 30.5 (CH3COS), 32.5 (Cq), 41.5 (Cg), 55.6 

(Cs, C ~ i b ) ,  64.1 (C3). 70.3 (Ctta), 74.9 (Csa). 172.1 (CI), 194.0 (CH3COS). [cis-invertomer] observed 
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absorptions 6 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 (s), 1691 (s), 1545 (w), i440 (m), 1188 (s), 1164 (s), 1120 (s), 1107 (s), 1083 (s), 1053 (s) cm-1; ms 

(mlz) 287-285 (M+, 1, 1% 242 (8). 210 (9). 124 (6% 113 (73). 100 (7.5). 71  (34). 43 (67). Anal. Calcd for 

C I ~ H I ~ N O ~ S :  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'OC (c~ystallized from acetone). IH Nmr (400 MHz, acetoneds) [trans-invertomer] 8 1.28 (m, 

2H: Hioak H11.d. 1.55 (qt, HZ, HZ, 1H: H h ) ,  1.67 

(m, 1H: Hloeq), 1.75(m, 1H: H%J,2.15(m,2H: Hlleq,H& 2.29(s,3H: CH~COS),2.36(ddd,Jk,9~=12.2 

Hz, J8an.8eq=9.1 HZ, J8ax,9eq=3.1 HZ. 1H: Haax), 2.49 (m, 2H: Hila,  H4). 3.27 (br dt, J ~ , ~ , 8 ~ ~ = 9 . 1  Hz, 

J8eq,9ax~J8eq,9eqz2.9 Hz, IH: H8eq), 3.50 (t, Jllb,~a=Jllb,lla=9.9 HZ, 1H: Hllb). 4.28 (dd, J33z13.1 HZ, 

J3p5.8  HZ, 1H: H3), 4.28 (dd, Js,4=7.6 Hz, Jg,5&.1 HZ, 1H: Hg), 4.45 (td, 1 3 ~ 1 3 . 3  HZ, J3+13.3 and 3.9 

Hz, 1H: H3). 4.55 (dd, Jsa.llb=9.8 Hz, J s 9 3 . 4  Hz, 1H: HgJ, [cis-invenomer] observed absorptions 6 1.89 

(It, J=5'=14.0 Hz, J"=J"'=5.0 Hz, 1H), 2.68 (ddd, Jz12.5 Hz, J'zlO.O Hz, J"z2.5 Hz, 1H: Ha), 2.97 (m, 1H: Hs), 

3.67 (ddd, Jlla.llb=9.9 Hz, Jlla.lF5.3 and 1.6 HZ, lH: Hlla), 3.95 (1, Jllb,h=Jllb,lla=10.2 HZ, 1H: Hllb). 

4.56 (td, JJ'r13.2 Hz, JU=4.1 Hz, IH), 5.07 (dd, Js,,llb=10.2 Hz, J5,,g=3.4 Hz, 1H: Hga), relative area 

lrans/ck73:27; I3C nmr (100 MHz, acetone-d6) [trans-mvertomer] 6 24.1 (CIO), 25.3 (Cg), 30.0 (CII), 30.5 

(cH3COS), 32.1 (GI, 40.9 (Cg), 54.7 (Cl~b),  55.6 (Cs), 64.8 (C3),70.6 ( C I ~ ) ,  75.0 (CgJ, 172.4 (CI), 193.3 

(CHjCOS), [cis-invertomer] observed absorptions 6 18.7,25.2,25.8,32.5,41.5,49.0, 50.9,64.5,75.0, 173.1, 

193.3: Ir (KBr) 2937 (m), 2856 (w), 1716 (s), 1702 (s), 1429 (w) cm-1; ms (mlz) 287-285 (M+, 2,32), 242 

(26), 210 (11). 152 (30). 142 (2% 124 (loo), 100 (9% 99 (39). 84 (29), 82 (23), 43 (71). Anal. Calcd for 

C ~ ~ H I ~ N O ~ S :  C,54.72;H,6.71;N,4.91;S, 11.24. Found: C,54.85:H,6.77;N,4.90:S, 11.28. 
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