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Face Selectivity of the Diels-Alder Additions and Cheletropic Additions of
Sulfur Dioxide to 2-Vinyl-7-oxabicyclo[2.2.1]hept-2-ene Derivatives

by Lieven Meerpoel, Maria-Miranda Vrahami, Brigitte Deguin, and Pierre Yogel*
Section de Chimie de I"Université, rue de la Barre 2, CH-1005 Lausanne

Racemic G-ethenyl-F-oxabicyclo[2.2.1]hept-3-en-2-one {23}, S-ethenyl-7-oxabicyclo[2.2.1lhept-5-en-2-one
{25} and their ethylene acetals 24 and 26, respectively, were derived from the Diels-Alder adduct of furan to
l-cyanovinyl acetate (27). The Diels-A/der additions of 26 to dimethyl acetylenedicarboxylate, to methyl propy-
noate, to A-phenylmaleinnde, and to methyl acrylate were highly exe-face selective, as were the cycloadditions of
methyl prepynoate to dienones 23 und 28 and of dimethy! acetylenedicarboxylate to ethylenedioxy-diene 24. The
cheletropic additions of SO, to 23-26 gave exclusively the corresponding sulfolenes 5764 resulting from the
exo-face attack of the semicyclic dienes under conditions of kinetic and thennodynamic control.

Introduction. — The face selectivity of the Diefs-Alder additions of conformationally
rigid s-cis-butadiene systems attached to bicyclic skeletons (e.g. 1-13) were studied
extensively [1-15]. The face selectivity depends on the nature of the bridges that constitute
the bicyclic system, on the nature of the dienophile, and in some cases on the solvent {13].
The results were interpreted in terms of stercoelectronic factors [le,f,g.hj, of torsional
effects [4] [14], and of steric hindrance |8] [11] [15] In the case of semicyclic 1,3-dienes
grafted onto monocyclic skeletons (e.g. 14-22), the face ‘anti’ to the substituent the
closest to the diene moiety is generally preferred for the Diels-Alder addition, suggesting
that repulsive steric factors govern the stercoselectivity of these cycloadditions [16-21].
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We report here on the synthesis of new semicyclic dienes 23-26 grafted onto 7-oxabi-
cyclo[2.2.1]heptane skeletons. We shall show that their Diels-Alder additions strongly
prefer the exo-face of the bicyclic systems. Under conditions of kinetic and thermody-
namic control, the cheletropic additions of 30, to these 1,3-dienes also lead to adducts
resulting from the addition onto their exo-face.

Results and Discussion. — The racemic dienes 23 and 24 were prepared from bromo-
encne 2% [22] derived from (+)}-7-oxabicyclo{2.2.1]Thept-5-en-2-one (28) [23] {Scheme [).
Stille’s coupling [24] of 29 with CH,=CHSnBu, and a catalytic amount of [Pd(Ph,P),] in
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degassed DMF (55°, 3 h) afforded 23 in 63% yield. Acetalization of 29 with 1,2-
bisf(irimethylsilyl)oxylethane and CF,80,SiMe, in CH,CL, (0°) [25] gave 30 (74 %) which
was converted as above into diene 24 (58 %). Addition of benzeneselenenyl bromide to
the Diels-Alder adduct 27 of furan to 1-cyanovinyl acetate [22], followed by oxidative
elimination of the selenium moiety with H,O, afforded the bromoenyl acetate 31. Saponi-
fication of 31, fellowed by treatment with formaline (40% CH,O in H,0) gave the
bromoenone 32 [26] which was converted into the corresponding ethylene acetal 33
(93%) with 1,2-bis[({trimethylsilyDoxv]ethane and CF,80.SiMe,. Stiffe’s coupling as
above of 32 and 33 with CH,=CHSnBu, provided dienes 25 {60%} and 26 (94%),
respectively.

The semicyclic dienes were unstable compounds that polymerized quickly in the
presence of light or/and air. Concentrating degassed solutions of 23-26 led to their
Diels-Alder cyclodimerization!). Dienone 23 was dimerized quickly already at 0°. The
ethylenedioxy-diene 26 was the slowest to dimerize and thus chosen to study the facial
selectivity of its Diels-Alder additions to various strong dienophiies such as dimethyl
acctylenedicarboxylate (MeOOC=CC0O0Me), methyl propynoate (CH =CCOOMe),
N -phenylmaleimide, and methyl acrylate (CH,=CHCOOMe).

When 0,5M 26 in neat MeOOCC = CCOOMe was allowed to stand at 25° for 24 h, a
65% yield of the corresponding adduct 34 was obtained after chromatographic purifica-
tion and recrystallization (Scheme 2). The 360-MHz '"H-NMR spectrum of the crude
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product showed ca. 5-15% of a dimer of 26, but no trace of an isomer of adduct 34 could
be detected, thus demonstrating the high facial selectivity of the Diels-Aider cycloaddi-
tion. The absence of a vicinal coupling constant between the bridgehead proton H—-C(1}
and H_ ,—C(2) proved that the dienophile had attacked diene 26 on its exo-face [27]. In
neat CH = CCOOMe, 26 (0.5M) gave a 735 % yield of the two regioisomeric adducts 35 and
36 after B days at 25°. The product ratio 35/36 was 78:22. It was 8§0:20 when the reaction
was run at 55° for 24 h (yield 64%). No trace of any isomeric adducts could be detected in
the 360-MHz "H-NMR spectra of the crude reaction mixture. In this case, the proportion

'y The structures of these dimers will be reported glsewhere,



of dimers of 26 varied between 10 and 25%. Again, the exo-face of diene 26 was preferred
for the Diels-Alder addition to CH = CCOOMe. The structures of adducts 35 and 36 were
deduced from their spectral data, including NOE measurements in their '"H-NMR spectra
(see Exper. Part). Adducts 35 and 36 were rapidly oxidized into the methyl naphthoate 37
and 38, respectively, in the presence of air.

in benzene solution (0.25Mm), diene 26 added to N-phenylmaleimide at 25° yielding a
85:15 mixture of adducts 39 and 40 (90 %; Scheme 3). These adducts counld be separated
by column chromatography and were characterized by their spectral data. In this case
also, the Diels- Alder addition preferred the exo-face of diene 26 for both the ‘ende-Alder’
[28} mode (giving 39) and the ‘anti- 4lder” mode (giving 40) of reaction. The cycloaddition
of CH,=CHCOQOMze to 26 was highly exo-face selective giving a 40.5:8.5:41:9 mixiure
41/42/43/44 (67 % yield) after 24 h at 55° in neat CH,=CHCOOMe (89% yield after 6
days at 25°; Scheme 3). In this case, the ‘endo-Alder’ rule was not followed since both
modes of cycloadditions occurred with the same rate. Interestingly though, the facial
selectivity and the regiosclectivity was the same for both modes of addition.
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When the ethylenedioxy-diene 24 was allowed to react in neat CH,=CHCQOOMe (25°,
6 days), a 95% yield of a 34 :13:43:10 mixture 45/46/47/48 was formed (Scheme 3}. When
run at 55° (24 h), the reaction led to a 45:10:35:10 mixture (90%) 45/46/47/48. These
resulis suggested that the position of the remote ethylene acetal moiety has a minor role to
play on the regioselectivity of the cycloaddition. To iest whether it could control the
exn-~facial selectivity of the Diels-Alder additions, dienones 23 and 25 were allowed to
react with neat CH=CCOOMe (55°, 17-24 h}. They furnished a 69 :31 mixture 49/50 and
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a 72:28 maxture 51/50 (85%:), respectively, together with the corresponding cyclodimers
{(Scheme 4). No trace of adducts resulting from the addition onto the endo-face of
dienones 23 and 25 could be detected by 360-MHz 'H-NMR, thus suggesting that the
exo-facial selectivity of the Diels- Alder additions of dienes 23-26 is due the steric factors
specific of the 7-oxabicvclo[2.2.1]heptane skeleton. Adducts 4952 were rapidly trans-
formed by air (faster than 35 and 36) into the corresponding methyl naphthoates 53-56.
The structures of compounds 3956 were all deduced from their spectrat data, including
double-irradiation experiments and NOE measurements in their '"H-NMR spectra.

Like the Diels- Aider additions of most dienophiles, the cheletropic addition of SO, to
the deuterated 2,3-dimethylidenebicyclof2.2. Jheptane 8 [8] was endo -face-selective under
conditions of kinetic control. Under equilibrium conditions, a i:1 mixture of the two
possible sulfolenes ( = 2,5-dihydrothiophene 1,1-dioxides) was obtained. When 0.02 -
0.1mM solutions of dicnes 23-26 in CD,Cl, were mixed with a large excess of 50, slow
formation of the corresponding suifolenes 8760 was observed at —20°. Equilibria werc
reached after 2-3 days at 20°. Using CD,Cl,/SO, 2:3 {(5-mm NMR tubes sealed under
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vacuum) and a 0.1 solution of the dienes, the following proportions of dienes vs.
sulfolenes (1% toluene as internal reference) were obtained at 20°: 23 + SO,/57 12:88,
24 + 50,/58 5:95, 25 + S0,/59 50:50, and 26 + SO,/60 < 5:95. When heated above 40°
{opened tubes), the sulfolenes 5760 werc quickly decomposed into the corresponding
dienes 23-26 and 50,. The reactions were accompanied by partial dimerizations and/or
decomposition of the dienes. The nature of the sulfolene was the same at the beginning of
the cheletropic additions at —20° (kinetic control) than under equilibrium conditions at
20—40°. The same resulis were obtained with solutions containing 5% CF,CO0OH. The
structures of sulfolenes 5760 were given by their spectral data (see Exper. Part).

The ende relative configuration of the preton at C(2) of 5760 was established by the absence ol a vicinal
coupling constant between this proton and the neighbouring bridgehead proton [27]. It was confirmed by the
observation of a NOE between H—C(2) and H,_,,—C(9) in the 'H-NMR spectra, Distinction beiween the
pseudoaxial and psendovquatorial protons H,—C(4) and H,,—C(4). respectively, was based on the observation of
*f coupling constant between H,—C(d) and H~C(2) of 1.5 Hz in the four sulfolenes $7-60, the corresponding
coupling between H,—C(4) and H—C{2} being inexistant. These ceupling constants are in fact of the homoallylic
type. This, together with the vicinal coupling constants between H—C(5) and CHy4) suggested the conformation
shown in A [or these compounds [29].

As for other bicyclo[2.2.1]heptane derivatives, sulfolenes 57 -60 were expected to be
more stable than their endo-isomers for steric reasons [30]. [t appears, therefore, that the
Diels-Alder and the cheletropic additions of the semicyelic diencs 23-26 obey the Dimroth
principle [31], i.e., the more exothermic the reaction, the faster it is. It is not excluded yet
that the factors that make these cycloadditions exe-face-selective under conditions of
kinetic control are the same as those rendering the resulting exo-adducts more stable than
their endo-isomers.

Conclusion. — As for the semicyclic dienes 14-20 and the oxadienes 21-22, the new
dienes 23-26 grafied onto 7-oxabicyclo[2.2.1Theptane skeletons add to strong dienophiles
and to SO, onto their less hindered exe-face.

We thank the Swiss National Science Fuundution, the Fonds Herbeite, Lausamue, and F. Hoffmann-La Roche
AG, Basel, for generous financial support. We are grateful also to Mr. M. Rey, Mr. J.-M. Rowlet, and Mr. F.
Sepufvedn (or their technical assistance, We thank atse Dr. A. Mons for 500-M Hz NMR measurements.

Experimental Part

General. See [32]. Mot of the procedures was optimized. 400-MHz '‘H-NMR and 100 §1-MHz "*C-NMR
Spectra: Bruker-ARX-400 spectrometer, Aspect-X32/3 computer, 1.5 MBYTE max. acqmsition memory, 150.9-
MHz "C-NMR Spectra: Bruker- AM X2-600 spectrometer, RISC-CPU-R-3000 computer, 3 MBYTE max. aquisi-
tion memory. FC = Flash chromatography, CC = column chromatography.

{ +)-2-Bromo-6,6-fethylenedioxy }-T-oxabicycief 2.2.1 jhept-2-ene  (30). At P, 1 2-bis[{uimethyisityljoxyl-
ethane (3.08 ml, 12.5 mmol) and then CF130,5iMey (43 pl) were added under Ar to a stirred soln. of 29 [22b] (2 g,
10.5 mmol) in anh, CH,Cl, (22.5 ml). After stirring at (° for 48 h, sat. ag. NaliCO, soln. {15 ml) was added and the
mixture extracted with CHR(Cl, (30 ml, 3 times). The combined erg. extract was washed with H;O (10 mly and brine
(10 ml), dried (Mg50,), and evaporated and the residue recrystallized from Et»Q/light pelroleum ether 1:1: 1.8 g
(74%). Colourless crystals. M.p. 84-85° UV (MeCN): 213 (2500). IR (KBr): 2990, 2855, 2880, 1575, 1010, 895,
860. 'H-NMR (250 MHz, CDCL): 6.58 (d, 3J = 2.0, H—C(3)}; 5.02 (dddid, °F = 4.5, 2.8,°J = 1.0, H—C(4)): 4.35 (4,
1 % L0, H-C(1)); 4.104.00 (m, OCH,CH,0); 2.20 (dd, %/ = 120, 37 = 4.5, 1L, —C(5)); 1.84 (d, ' = 124,
H,,;,—C(5). BC-NMR (62.9 MHz, CDCl,): 136.5 (d, 'A(C,H) = 181, C(3)): 124 8 (br. 5, C(2)); 114 {5, C(6)); 84.3
(di, "HCH) = 168, C(1)); 80.5 (4, 'HC.H) = 163, C{4)): 64.4. 654 (2¢, W(C.H} = 150, OCH,CH,0); 378 {r.



LHC,H) = 137, C(5)). MS {70 &V): 232 (1), 204 (3), 154 (1), 153 €41, 131(2), 117 (1.5}, 107 {37}, 86 {100). Anal. calc.
for C;HgBrO, (233.1): C41.23, H 3.89; found: C 41,25, H 3.0,

f & }-2-Broma-3.5-( ethylenedioxy )-T-oxabicyelof 2.2 .1 Jhept-2-ene (33). As descnibed above, from bromo-
cnone (+3-32{26]. Yield 93%. Colourless crystals. M.p. 112-113°. UV (MeCN}: 205 {3700), TR (K Br): 3093, 3000,
2970, 2890, 1575, 1320, 1240, 1130, 1040, 1015, 830, 625, "H-NMR (250 MHz, CDCL): 6.44 (4,°S = 2.0, H-C(3));
4.80 (dd, 3/ =45, Y = 1.0, H-C(L)); 442 (br. 5, H-C(4)); 3.944.10 {m, OCH,CH,0); 2.16 (dd, 15 = 12.0,
3F=44%H,, —C60); L.75(d, W = 12.0, H,,;,—C6). PC-NMR (62.9 MHz, CDCly): 131.6 (br. &, L/{C,H} = 183,
C{30:129.3 (s, C2W; 118.2 (5, C(5Y); 83.6 (br. & "J{C.H) = 169, C{1}); 83.0 (br. d, \FC,H) = 166, C(4)); 64.7, 65.4
(2, \J(C,H) = 149, OCH,CH,0); 38.0 (¢, 'F{CH) = 137, C(6)). MS (70 eV): 232 (0.2), 153 (1.0), 172 (1.4), 159 {5},
146 (7), 131 (5), 117 (7}, 86 (100). Anal. cale. for C;HgBrQ, (233.1): C41.23, H 3.89; found: C 41.16, H 3.94.

{ & f-6-Erhenmyl-7-oxabicyclof 2.2 I [hepr-3-en-2-one (23}. A mixture of 29 [22b] {189 mg, | mmol), [Pd(Ph,P),)
{58 mg, 0.05 mmol), and CH;=CHSnBu; (321 pl, 1.1 mmol) in ank. DMF (8 ml) in & Pprex tube was thoroughly
depassed by several freeze-thaw cycles on the vacunm line ( < 1972 Torr). The tube {containing a magnetic stirring
bar} was sezled pnder vacuem, the mixture stirred at 557 for 3 h, the tube cocled in Bg. N, and opened, and the
yellow soln. taken in AcOQEt (20 ml). After the addition of KF {1 g}, the mixture was stirred at 25° for 2 h, and then
filtered through Celite. The solvent was evaporated and the yellow residuc purified by FC (silica gel {50 g, 230-400
mesh}, THyCly): 86 mg (63%) of colourless oil that cyclodimerized and polymerized quickly at 0°. UV {CHC,):
243 (ca. 10000). IR (film): 3005, 2920, 1760, 1570, 1410, 1280, 1210. 'H-NMR (250 MHz, CDCL): 6.50 (m,
H—C(5)); 6.50 (ded, *F(transy = 17.5,  (cis) = 11.0); 5.42 (. 3 = 17.5); 5.38 &, H—C(4)); 5.33(d, */ = 11.0); 4.83
(s, H-C(1)); 2.38 (dd, 27 = 16.0, 2 = 4.0, H,,,—C(3); 2.02 (4, 27 =16.0, H,,—C3N. *C-NMR (62.9 MHe,
CDCly): 267.8 (C(2)); 139.4 (C(6); 136.6 (C(51); 127.6, 118.6 (CH,=CH}; 82.1 (CE)); 79.8 (C(1)); 35.1 (C(3). MS
{T0e¥): L36{1.2, A"}, 107 (13), 94 {57}, 77 (29), 67 {22), 65 (36), 57 (100).

{ & j-2-Ethenyl-6 6-{ ethylenedioxy )-7-oxabicyclaf 2.2 | [hept-2-ene £24). As described above, from 304233 mg,
1 munol; 55°, 48 h): 105 mg (58 %). Colourless oil. UV (MeOH): 234 (8000), 205 (3500). UV (CH,Cly): 243 {12000},
IR (film}: 2990, 2940, 2510, 2880, 1675, 1630, 1570. "H-NMR (250 MHz, CDCLly): 6.5% (44, °F = 18.0, 11.0); 6.36
(.3 = 1.8, H-C(3:; 5.23(d, " = 11.0); 5.23 (. 7 = 18.0%; 5.04 (ddd, '/ = 5.0, 1.8,%J = 1.0, H-C(@)); 4.68 (br.
5, H-C(I))y; 4.12, 3.95 (2m, OCH,CH,0); 2.22 (dd, =120, 7 =50, H,,—C(5); 1.72 (d, 3F =120,
H...,—C(5). “C-NMR (62.9 MHz, CDCly): 146.0 (br. 5, C(2)}; 134.4, 130.1 (2d); 116.1 {dd); 114.2 (5, C{6)); 80.9
{dt, C(1)3; 79.4 {dm, C(4)): 65.7, 64.5 (2¢, OCH,CH,O); 39.2 (£, C(5)). MS (0 V) 180 (0.1, M), 15200, 118 (),
107 (4}, 94 (9), 86 (100).

f 4 )-3-Ethenyl-7-oxabicyclof 2.2, Jhept-5-en-2-one (25). Az described above, from 32 [26] (189 me, | mmol;
5%, 15 hy: 82 mg (60%%). Colourless oil. UV (MeCnN): 241 (3700), 196 (8600). IR (film): 2990, 2910, 2830, 1708,
1575, 1515, 1360, 1155, 1035, 940, £70, 790. 'H-NMR (250 MHz, CDCL): 6.57 (dd. 4 =17.5, 11.0); 6.17 {m,
H—CE); 3.40 {d, 3 = 4.0, H=Ca); 5.37 (d, 37 = 11.0); 527 (4, > = 17.5); 4.66 {d, >/ = 2.0, H-C(1)); 2.35 (dd,
7 =160, % = 4.0, H,,,~C); 1.83 (4 W = 16.0, H,.,,—C{30. YC-NMR (62,9 MHz, CDCly): 2060 (3, C(2));
153.4 (s, CI5)); 128.7, 124.6 (24); 118.7 {z, CH,=CH); 83.3 (d, C(1)); 78.3 {d, Cl4)); 34.5 {t, C3N. MS (70 eV): 136
(0.5, M+), 107 (8), 94 (100).

f £ )-2-Ethenyl-5 5-{ evhylenedioxy )-7-oxabicyclof 2.2, 1 fhept-2-ene (26). As described above, from 33 {233 mg,
| mmol; 53°, 20 h): 170 mg (94%). Colourless oil. UY (MeCN): 237 {15300). IR {film): 2980, 2940, 2880, 1665,
1640, 1625, 1570, 1315, 1240, 1130, 1040, 1020, 840, '"H-NMR (250 MHz, CDCly): 6.50 (64, *F = 17.0, 11.0); 6.17
(d 2 =15, H-C(37); 520 (be. 4, 7 = 11.0); 5.17 (br. 4, *F = 17.03; 5.12 (br. d, 3 =50, H-C{1); 446 (44,
U =15, % = 1.0, H=C{)); 4.06, 387 {2m, OCH,CH,O); 2.18 (dd, 27 =120, 3 =50, H,,~C(6)); 1.55 (d,
25 = 12,0, H,,,—C(6). C-NMR {62.9 MHz, CDCL): 150.4 (br. 5, C2)}; 128.8 (d J(C,H)y = 178); 128.7 (4,
1HCHY =158); 1148 (s, C(5)); 82.2, 78.2 (2d, 'J(C,H) =165, C(1), C(d); 65.2. 64.5 {21 'J(CH)= 153,
OCH.CH,O); 38.8 {1, W{C H) = 137, C{6). MS (70 €V); 180 (23, M ¥}, 152 (17), 118 (8.0), 107 (16), 94 (42), B4
(100).

Dimethy! {1RS.2SR 8RS )-10,10-( Evhylenedioxy )-1 1-oxatricyelo{6.2.1 077 Jundeca-3 6-diene-3 4-dicarboxy-
fare (34), A mixture of MeQOCC =CCO0OMe (500 pl) and 26 (45 mg, 0.25 mmol) was stirred at 25° for 23 h.
Evaporation of the excess of MeOOUC = CCOOMe & vacue and CC {silica gel, CH;Cly, then CH;Cly/AcQEt 9:1)
of the residue gave an oil that erystailized from Et,O/light petroleum ether 1:1: 52 4 mg (65% ). Colourless crystals.
M.p. 130.5-131.5°. IR (KBr): 3000, 2940, 2900, 2880, 1710, 1630, 1260, 945, 840, 750, 640. '"H-NMR (250 MHz,
CDCLy): 5.85 (br. dd, *J = 6.5, %F = 3.0, H-C(6)); 4.82 (d, *.7 = 6.0, H—-C(8)); 4.28 (s, H—C(1)); 4.07, 3.97 (2m,
OCH,CH,0); 383, 3.77 (25, 2 MeO): 340 (ddd, J(H~C(2), H-C(1)) =0, *J{H~C{2LH—C{6) = 3.0,
SH{H,~C(2),H,,~C(5)) = 12.0, 2H{H,,~C(2),H,,—C(5)) = 40, H—C(2)}); 3.22 (dedd, J = 21.0,°F = 6.5, °J = 4.0,
Heq—CU5)); 2.79 (ddd, 3 = 21.0, *H{H-CELH=-CE) = 1, 7 = 120, H,,—C(3); 2.32 (dd, 77 = 3.5, 'V = 6.0
H,,,—C($): 200 (d, 2 = 13.5, H,,,—C(9). PCNMR (62.9 MHz, CDCly): 167.5, 167.1 (25, 2 COY; 141.9 (s,



C(7); 1375, 135.2 (25, C(3), Crd)); 115.1 (4, C(6)): 114.5 (s, C(16Y). 80.7, 78.6 (24, C(1), C{8): 65.2, 64.5 (21,
OCH,CH,0); 52.3, 52.2 (24, 2 MeQ); 40.9 (z, C(5)); 39.9 (d, C(2)); 28.4 (¢, C(9). MS (70 e¥): 322 (0.5, M +), 107
(0.8}, 293 (23), 263 (8), 235 (2), 219 (10, 189 (12}, 86 (77), 73 {100). Anal. calc. for C, H,30, (322.3): C 5962, H
5.63; found: C 59.74, H 5.74.

Methyl [ 1RS 2RS.IRS,-10,10-( Ethylenedioxy )-H-oxatricyelof6.2.1 0°7 Jundeca-3,6-diene-4-carboxplate
(35) and Meihyl [1RS,28R 8RS )-10,16-( Ethylenedioxy j-! f-exatricyclof 6.2.1.0°7 Jundeca-3 G-diene-3-carboxy-
luze (36). A mixture of methyl propynoate (0.5 ml) and 26 (45 mg, D.25 mmol) was stirred at 25° For 8 days or a1 35°
for 24 h, The excess of dienophile was recovered by distillation i vacwe and the residue purified by CC (silica gel,
CH,Cl;, CH,Cl,/AcOET 9:1): 50 mg (75%; reaction at 25°) or 42 mg (64%; reaction at 55°) of 35/36 78:22 to
80:20. Further CC {Lobar (type 4 ), CH,Cly/ AcOFEt 95 :5) gave the aromatized 37 and 38 {10 mg; see below), 35 (30
mg, after recrystallization from Et,Oylight petroleum ether), and 36 (8 mg).

Data of 35: Colourless crystals, M.p, 90° 1R (KBr): 2990, 2940, 2860, 1705, 1620, 1430, 1260, 1130, 1070,
10{0. "TH-NMR (250 MHz, CDCL): 7.19 tdd, 37 = 2.5, %7 = 1.5, H-C(3); 5.87 (dm, 7/ = 6.5, H~({6)): 4.30 (d,
37 = 6.0, H-C(8)); 4.19 {br. 5, *J(H-C({1),H-C(2)) = 0, H—C(1)); 4.12, 3.95 (2m, OCH,CH,0}; 3.79 (s, MO,
3,22 (ddd, 27 =21.0, 3J = 6.5, %7 = 3.5, He—C(8)y; 347 (m, H—C(2)); 2.64 {m, H,,—C(3)}; 2.32 (ddd, =135,
=60, U = 10, Hup -C91); 199 (&, 27 = 13,5, Hopgo—C(9)). VC-NMR (62.9 MHz, CDCly): 166.7 (s, CO);
142.1 {5, C(T)); 139.8 €, CO3; 132.4 (5, CLiy; V16,4 {d, CL6)): 1147 {5, C(10)); B2.5, 78.5 (24, C(1), ©(B)). MS (70
eV): 264 (44, M ), 249(5), 235 (100), 233 {5), 205 (15}, 151 (51}, 168 £6), 103(51). Anal. calc. for C,H 0 (264.2):
C63.63, H6.10; found: C 63.70, H 6.07.

Duta of 36: Colourless crystals. M.p. 129-131° IR (CHCL): 1705, '"H-NMR (250 MHz, CDCLY: 7.10 (m,
H- Ci4)); 5.76 (m, H=C{B)); 4.77 (d. °F = 6.0, H-C8)): 4.72 (br. 5, *J(H-C({1)H-C(2) = 0, H-C(1)); 4.06, 3.95
{2m, OCH;CH,0); 3.78 (5, MeO); 3.28 {m, H—C(2)); 2.92 (br. ddd, 2 = 22.0, % =5.5,% = 1 1.0, H—C(5):2.75
(dddddd, *F = 22.0,*F = 2.5, 2.0, °J = 11.0, H,,-C(3)); 2.34 (ddd, *7 = 13.5,7 = 6.0, %] = 1.0, H,,,~C(9)); 2.04 (4,
IF = 13.5, Hopge~CLOD). MS (70 eV): 264 (2, MY, 235 (73), 233 (5), 2053 (5), 177 (5, 131 (R), 118 {16), 87 (24), R6
{323, 73 (100}

Mixture of Methyl (5RS8RS -7 7-( Ethylenedioxy )-5.6,7 8-tetrahydro-3 8-epoxynaphthaicre-2-carboxyiate
(37 and Methyl (5RS8R8)-7,7-{ Ethylenedioxy )-5,6,7 S-terrahydro-3 8-epoxynaphthalene-1-carboxylate (38).
White erystals, IR (CH,Cly): 1705, 'H-NMR (250 MHz, CDCly) of 37: £.02 (br. s, H-C(1)); 7.97 (dd, 37 = 7.5,
47 = 1.5, H=C(3)); 7.32 (4, 7 = 7.5, H~0(4)): 5.47 (4, *J = 5.5, H-C(5)); 492 (s, H-C(8)); 4.15, 3.99 (2m,
OCH,CH,0}; 3.90 (s, MeO); 2.49 (dd, °f = 12.5.%F = 5.5, H,,,—~C(6}); 1.75{d, 27 = 12.5, H,,5,—C(6)}. "H-NMR
(250 MHz, CDCly) of 38: 7.85, 7.46 (2 br. 4, 37 = 7.5, H-C(2), H-C{®)}; 7.31 (¢, */ = 7.5, H-C{3)); 5.65 (s,
H-C{8)); 5.45 {d, 3F = 5.5, H=C(5)); 4.15, 3.99 {2m, OCH,CH,0); 3.94 {5, Me0); 2.52 (dd, 2/ = 12.5, *f = 5.5,
H, o~ C(5)); 1.77 (d, 37 = 12.5, H oy~ C(5)). MS (70 eV}: 262 (5, Af ©), 231 (7), 189 (3), 176 (100}, 161 (5), 145 (14),
177 (107, 86 (35),

{1RS,2RS,38R,7RS, /I RS }- 13,13-{ Ethylenedioxy ) 5-phenyi- 14-oxa-5-azatetracyclof 9. 2.1 03047 Itetra-
dec-9-ene-4,6-dione (39 and (IRS,.2ZR8 3RS8,7SR, 11 RS )-13,13-( Ethylenedioxy )-5-phenyi- 14-oxa-3-azatetracy-
clof9.2.1.0°1 637 Jietradec-9-ene-4 S-dione (40). A mixture of 26 (119 mg, (.66 mmol} and &-phenylmaleimide
{572 mg, 3,30 mmol} in dry benzene (2.5 ml) was stirred at 25° for 3 h. After evaporation, the residue was punfied
by CC (silica gel CH,Cl,/AcQEL 05:5): 209 mg (89.5%%) of 39/40 85:15. Separahien by CC (Lebar {type 4},
CH,Cly/AcQE! 95:5) yielded 170 mg of 39, recrystullized from loluene, und 25 mg of 40, crystallized from MeOH.

Data of 39 Colouriess crystals. Mop. 211-212° IR {K Br): 3020, 2590, 2950, 2900, 2880, 1710, 1595, 1495,
1380, 1180, 1010. 'H-NMR (360 MHz, CDCL): 7.40, 7.29 (2, Ph); 5.85 (dm, 2J = 7.5, H—C(9)); 4.80 (br. s,
3JBR=C{),H-C(2)) = 6, H—C(1)); 4.75 (&, 7 = 6.0, H=C(11)); 4.12, 3.95 (2m, OCH,CH;0); 3.47 (dd, *7 = 9.0,
8.5, H-C(3); 3.32 (ddd, *J = 8.5, 5.0, 2.0, H-C(T)); 2.93 (ddd, °F = 15.0, T = 7.5, 2.0, H..—C(8)); 2.90 {dm,
37 = 9.0, H-C(2)0; 2.32 (dd, 2 = 130, % = 6.0, %7 = 1.0, H,—C(12)); 2.15 {dm, ®J = 15.0, H, — C(8)}; 1.90 (d,
17 = 130, Hopy—CO2)) BO-NMR (629 MHz, CDCLy): 178.1, 176.8 (2 CO); 144.5 (C{10)); 131.8 {arom. O);
128.9, 128.3, 126.5 (arom. C}; 115.2 (C(3Y); 114.1 {TC(13)}; 80.1, ¥7.9 {C(1), C(11}); 65.3, 64.5 (OCH,CH,0); 42.2
(C02y); 40.5, 40,3 (C03), T 37.1(CUD); 23.2(CiRY. MS (70 eV): 353 (3, M 1), 135 (23), 325 (58), 267 (16), i19
(34), 86 (100), 77 (92). Anal. calc. for CagH gNOs (353.35): € 67.98, H 5.42, N 3.96; found: C 67.84, H 5.52, N 4.02.

Data af 40: Colourless orystals. M.p. 173 1752 IR (KBr): 3060, 2955, 2890, 1770, 1705, 1595, 1490, 1380,
1180, 1155, 'H-NMR (250 MHz, CDCly): 7.55 -7.30 (m, PhY; 5.92 (m, H—C(9)); 4.88 (d, 34 = 6.0, H—C{11)); 4.59
(br. 5 3 (H-C(1),H-C(2)) = 0, H-C(1)); 4.11. 3.95 (2m, OCH,CH,0); 3.04 (dr, ° = 10.0, 7.5, 7.5, H-C(7)): 2.86
(dr, =150, 7 =75, 7.5, H-C(8); 282 (r, 7 =100, H-C(3)); 2.57 (4, *J(H-C(2),H-C(3)) = 10.0,
H—C(2)); 2.36 {dd, 7 =135, °J =60, H,,~C(12)); 212 (am, W =150, H,—C(8)); 1.93 (d, U =135
Hengo—C120). MS (70 eV): 353 (4, M T), 335 (4), 325 (21), 267 {3), 119 (2), 86 (100}, 77 (33).



Methy!  {1RS,2RS4RS.3RS)-10,10-( Ethylenedioxy )-1 I-oxatricyclof 6.2.1 077 Jundec-6-ene-4-carboxylate
(41), Metnd (IRS.2R8.3RS.8RS)-10,10- Ethylenedioxy )-1 -oxatricyciof 621077 Jundec-6-ene-3-carhoxyiare
(42), Methy! (I1RS2RS.45R.8RS)-10,10- Ethylenedioxy )-1I-oxatricyeiof 6.2.1.0°7 Jundec-6-ene-4-carboxylate
{43), and Methy! (1 RS,2RS,3SR 8RS )-10,10-( Ethylenedioxy )-1 1-oxatricyelof6.2.1.0%7 furidec-6-ene-3-carboxy-
fafe (44). A seln. of 26 (45 mg, 0.25 mol) in methyl acrylate (0.3 ml) was stirred at 25° for 6 days. The excess of
dienophile was recovered by distiflation under vacuum and the residue purificd by CC {silica gel, CH,Cl,, then
CH;Cly/AcOED 9:1): 60 mg (89%) of 41/42/43/44 40:8:41:11. When run at 55° for 24 h, & mg {66°%5) of
41/42/43/44 40.5:8.5:41:9 were obtained. These two mixtures were combined and separated by CC {Lobar {type
B), AcOEL/light petrolewmn ether 7:3} giving 15 mg of 41/42/44, 50 mg of 41/42/43/44, and 18 mg of pure 43, The
mixture 41/42/44 was taken with Et;O (0.5 ml} which gave purs 41, and 43 was recrystallized from E0)light
petroleum ether 1:3.

Date of 41: Colourless crystals, M.p. 90-91° (E1,G). IR (KBr): 2990, 2650, 2920, 2860, 1725, 1165, 1015
'H-NMR (360 MHz, CDCly): 568 (m, *J=40, H-CE); 474 (d, =60, H-C®); 355 (s
THH-C()LH-C(2)) =0, H—C(1)); 4.06, 3.92 (2m, OCH,CH,Q); 3.70 (s, MeO); 2.72 {m, H—C(4)); 2.61 (dm,
=125, H-C(3)); 2.43 (ddt, 2 = 18.5, 3 =75, %7 =25, H—C(5)); 2.29 (dddd, 7 = 18.5, T =75, 2.5,
A =25, H—C(51): 223 (dd, 2 = 13.5, ' = 6.0, H,.,—CON; 218 (dr, '/ = 12.5, *F = 4.0, 7 = 4.0, H-C(2)};
191 (4, %W = 13.5, Hop, ~C(9); 135 (m, °F = 12.5, *HH-C(2),H,,—C(N = 12.5, H,,—C(3)). PC-NMR (62.9
MHz, CDCly): 176.2 (s, CO); 142.6 (s, C(7); 115.8 (d, C(6)); 115.8 (s, CL10)); 82.1, 79.8 (24, C(1), C(B)); 65.3, 64.4
26, OCH,CH,0); 51.8 {g, MeO); 40.9 (2, C(5)); 39.4 (4, C(d); 37.1 (&, C(20); 28.2, 26.8 (22, C(3), C(9)). MS (70 eV):
266 (3, M *), 238 (59), 237 (48), 235 (22), 220{5), 207 (1), 94 (17), 91 (100), 86 (74), 67 {24}. Anal. calc. for CyH,,05
{266.3): C63.15 H 6.81; found: C 63.08, H 6,59,

Data of 42; 'H-NMR (250 MHz, CDChL): 5.51 (m, H-C(8)); 466 {d, *J =60, H-C(8): 4.14 (s,
3H(H-C(1),H~C(2)) = 0, H-C(1)); 4.05, 3.92 (2m, OCH,CH,0); 3.72 (s, MeO}; 2.85-2.07 (m, 6 H); 1.95 {4,
3 = 130, HppgumCO)); 1.75 {m, H,,~-C(4)).

Data of 43: Colourless crysials. M.p. 101-102° (Et,O). IR (KBt): 2990, 2950, 2940, 2870, 1725, 1443, 1350,
1230, 1190, 1165, 1015, TH-NMR {400 MHz, CDyy: 536 (dm, 37 = 5.4, H-C{6). 438 (d, °7 = 6.0, H-C(8)); 3.98
(s, *J(H--C{1},H—C(2) = 0, H=C(1)); 3.35 (5, MeQ); 3.53, 3.33 (2m, OCH,CH,Q); 2.83 (ddd, 3 = 12.6, 4.6,
4 =21, H-C(2); 2.59 (ddd, 2r =172, 2F = 5.8, 2.2, H,—C(5)); 2.54 (m, H_,—C(4)); 2.34 (ddd, 2F =122,
U =4.6,% =26, Hy~C(3; 2.23(ddd, 37 =12.8,°J = 6.0,*/ = 0.8, H,,,—C(0): 2.07 (ddm, 2J = 17.2, %] = 5.4,
Ho—C(5)); 1.86 (d, 27 == 12.8, H,,,—C9)); 1.46 (ddd. *J = 12.2,%J = 12.6,6.3, H,,~C(3)). ’C-NMR (62.9 MHz,
COCL): 176.4 (5, COY; 144.4 (5, C{T}; 1164 (s, C(197); 1154 (d, C(0)); §3.1, 80.3 (24, C{1). C(E}); 65.8, 64.9 (24,
OCH,CH,0); 52.4 (g, MeQ); 418 (1, CL3)% 371 (d, C(); 34,3 (d, C(2)); 27.8, 25,621, C(3), C(9)). MS (T0eV): 266
(0.05, M *), 238 (47), 237 (26}, 235 (43, 220(2), 180 (%), 94 (18), 91 (100}, 86 (93), 67 (17). Anal. calc. for C;,H 404
(266.3): C 63,15 H 6.81; found; C 63.24, H 6.72.

Date of 44: "H-NMR (250 MHz, CDCL): 5.70 {m, H—C(6)); 462 (4, *J =60, H-C®); 432 (s
3F(H--C(1),H—C(2)) = 0, H-C(})); 4.05, 3.92 (2, OCH,CH,0); 3.62 (s, MeQ); 2.95 (m, H—C(9)); 2.85-2.07 (m,
6 H); 1.87 {d, J = 13.0, H,,,;,:~C(9}); 1.75 (m, H,,—C(4)).

Methpl { 1 RS, 28R 48R 8RS J-0.9-( Ethplenedioxy j-11-oxairicyclof5.2.1.0% Jundec-6-enc-4-carbaxylate (45),
Methyl  (1RS,25R, 3SR 8RS -9,9-1 Ethplenedioxy - 1-oxatricyclof6.2.1.0°7 Jundec-6-ene-3-carboxylate (46},
Methyl (1RS8,28R 4RS 8RS -9 9-f Ethyplenedioxy )-§ f-oxatricyclof6.2.1.0%7 fundec-6-ene~d-carboxylate (47), and
Methy! {1R8.25R,3RS.8RS J-0.9-¢ Ethplenedioxy j-F-oxairievclof 6.2.1.0% Jundec-6-ene-4-carboxylate (48), As
described above from 24. At 257 (6 days), 45/d6/47/48 34:13:43:10 {63 mg, 95%) was obtained. At 55° (24 h),
45/46/47/48 45:10:35:10 (60 mg, %0%) was isolated. The combined mixtures were separated by CC {Lobar (type
B), AcOEt/light petroleum ether 3:7): 9.5 mg of 46, 20 mg of 45, 75 mp of 46/47/48, and 10 mpg of pure 47,

Data af 45: Colourless crystals. M.p. 92934 (Et,O}). IR (KBr): 2980, 2960, 2910, 2880, 1725, 1430, 1308, 1244,
1180, 1050, 101¢, 805. 'H-NMR (360 MHz, CDCL): 5.76 (m, H-C(6)); 439 (d, *F{H—C(),H,,,~C(10)) = 5.5,
H-C(1),H-C(2)) = ¢, H-C(1)); 4.29 (5, H—C(8)); 4.06, 3.99, 3.89 (3m, OCH,CH,0); 3.68 {s, MeD); 2.72 (m,
H,,—C(4)); 2.50 {dddd, *J = 18.5, °) = 7.5,/ = 3.0, *7 = 2.5, H—C(5)); 2.32 (dddd, °F = 18.5, *J = 100, 4.0,
15 = 2.5, Hy,—C(5)); 2.25 (dd, 27 = 13.0, *J = 5.5, H,,—C(10)}; 2.20 (m, H—C(3)); 2.16 {m, H, —C(2)); 1.82 {4,
2f = 13.0, H,ppumC(10)); 131 {m, 27 = 12.0, H,,—C(3)). P’C-NMR (62.9 MHz, CDCL,): 176.1 {5, CO}); 138.9 (s,
CiTN; 119.6 (d, C(6)); 114.1 (5, C(9)). 83.7, 79.3 (2d, C(1}, C(8)): 65.3, 64.5 (21, OCH,CH,0); 51.8 (g, MeD); 45.5 (r,
C(5)): 42.9 (d, C{4)): 39.1 (d, C(2)): 26.8,27.1 (2¢, C(3), C(100). ME (70 6V): 266 (1, M ¥, 235 (3), 179(0.3), 121 (3),
120 (13, 99 {100), 86 (13). Anal. calc. for C4H, 504 (266.3): C 63.15, H 6.81; found: C 63.26, H 6.75.

Datz of 46; Colourless crystals. M.p. 87-88° (Et,0/light petroleum ethery. IR (CH,CLjy: 295D, 2880, 1725,
1310, 1015. ‘H-NMR (360 MHz, CDCly): 5.76 (1, H~C(6)); 4.52 (4, f = 5.5, H—=C(1)); 4.31 (5, H-C(8)); 4.05,
3.84 (2m, OCH,CH,0); 3.73 (s, Me(); 2.35 (m, H, —C(5), H-C(3)); 2.26 (dd, 27 =12.5, %7 = 5.5, H,,,,—C(10});



218 (m, H-C(2),H,,—C(5)); 2.06 {dddd, °F = 13.5,77 = 1.5,3.0, 1.0, Ho,—C{4)); 1.90 (cf, °F = 12.5, Hepgo~CLO)):
1,72 (m, W = 13.5, %7 = 10,0, 7.5, H,, - C@)), “C-NMR (62.9 Mz, CDCLY: 175.9 {5, CO); 137.3 {5, C(7)); 120.5
(d, Cien; 1141 (5, C(9)); 838, 78.3 (24, C(1), C{B)}; 65.5, 64.3 (21, OCH,CH,0); 51.8 {g, MeQO); 45.3 (1, C(5)); 42.1
(d, C(3)): 29.7 (4, C(2)): 25.3, 24.5 (21, Ci(4), COLODY. MS (70 eV): 266 (4, M ), 238 (4), 235 (1.5}, 224 (12), 18O (1),
133 (5), 121 (4), 99 (100), 86 (34).

Data of 47: Colourless crystals. M.p. 80 81° (Et,0/light petroleumn ether). IR (KBr): 2980, 2950, 2920, 2890,
1715, 1440, 1325, 1230, 1195, 1040, 1010, 810, 'H-NMR (360 MHz, CDCL,): 5.75 (m, 3/ = 5.5, H—C(6)); 4.37
d. H-COH-CON =0, WH-C),H,,,~C(10 =60, H~C{1)); 430 (s, H-CR)); 408, 3.85 (2m,
OCH,CH,0); 3.71 (s, MeO): 2.76 (dddd, °J = 8.5, 7.0, 4.0, 3.0, H,,~C(4)}; 2.55 (d, J = 18.0, H—C(5)); 2.38
(dddd, 2J = 18.0, 37 =8.5, 5.5, % = 1.5, H,,—C(5)); 2.33 (ddd, 2 = 12.5, *J = 5.0, 3.0, H=C(3)); 2.25 (4,
37 =13.0, %7 = 6.0, H,o,--CUL0Y; 204 (dm, H,~C(2)); 1.83 (4 27 = 13.0, H,,,,—C(10)); 1.29 (1d, 3 = 12.5,
37 = 12.5, 7.0, H,~C(3)). *C-NMR (62.9 MHz, CEYCly): 176.3 (5, COY: 140.5 (5, C(7)): 118.5 (d, Ce6)); 114.2 (s,
C(9)); 83.5, 79.8 (24, C(1), C(8)); 65.5, 64.5 (21, OCH,CH,0): 51.9 (g, MeO); 44.7 (2, C(5)); 39.6 (4, Cd)); 36.1(d,
C(: 279, 25.4 (3, T3, CLI0Y). MS (70 eV): 366 (3, A+, 235 (1), 207 (2), 189 (1), 121 (3), 99 (100}, 86 (23}, Anal.
cale. for C4H 305 (266.3): C 63.15, H 6.81; found: C 63.08, H 6,97,

Data of 48: IR (CH,Cl,): 2950, 2880, 1725, 1320, 1015, 310, 'H-NMR (250 MHz, CDCls): 5.80 (m, H=C(6));
471 (d, J(H-C(1),H-C(2)) = 0, *S(H~C{1}.H,,~C(10)) = 6.0, H~C(1)); 4.16 s, H—C(8)); 4.00, 3.82 (2m,
OCH,CH,0); 3.55 {5, MeO}; 2.92 {rm, H~C(3)); 2.58-2.08 {m, § H}; 1.75 ¢, 27 = 13.0, H,,,—C{203}. MS (70 eV):
266 (2, M), 235 (2), 207 (2), 133 (2), 99 (100), 86 {22),

Methyl  (1RS,25R 8RS )-9-0Oxp- f-oxarricyelof6.2, 107 fundeca-3 6-diene-d-carboxylute  (49), Methyl
(RS, ZRS.8RS j-9-0xo-H-oxatricyelof6.2.1.0°7 Jundeca-3,6-digne-3-carboxylate (50). A mixture of 23 (35 mg,
.25 mmeol) in methyl propynaoate (0,5 ml) was stirred at 55% for 24 b, After evaporalion of the exeess of dienophile
inr vacuo, the residue was punfied by CC (silica gel, AcOFEi/light petroleum ether 2:8) giving 37 mp (67 %) of 49/50
6931 which were aromatized inte 53/54 (see below) on standing in the air. Further purification by CC (Lobur
{type 4), AcOElight petreleum ether 3:7) gave 5354 (10 mg), 4%50 {15 mg), and 49 (3 mg) which was aromatized
into §3.

Data of 4%: TR {CH,C1,): 2955, 1725, 1715, 1395, 1205, 1095, "H-NMR (250 MHz, CDCly): 7.23 {m, H—C(3));
6.21 (dm, 1 = 6.5, H-C(6)); 5.00 (d, *J = 6.0, H-C{1)); 4.61 (s, H-C(8)); 3.79 (s, MeO): 3.34 (dd, °f = 170,
2 = 6.5, Hyy—C(9); 2.62-2.76 (m, H,,,— C(10), H,,—C(5), H,;,—C(2)); 2.17 (4, *J = 17.0, H,,4,—C(10}). "C-NMR
{62.9 MHz, CDCly): 207.5 (5, C(90); 166.5 {5, COO; 138.7 (4, TN 134.6 (s, C7Y): 133.1 (s, C{AY); 123.44d, CL(6)};
R2.0.79.2 (24, C(13, C8Y); 51.9 (g, MeD); 45.0 (2, C{2)); 44.8{r, CL5N; 275 {7, CHI0Y). MS (70 eV): 220 (3, M +), 205
(5}, 196G (40), 189 (24), 178 (13, 163 (9), 159 (16}, 145 (26), 119 (§), 105 (56), 91 (100}, 59 (40)

Data of 30 'H-NMR (250 MHz, CDCL}: 7.15 (dm, 1J = 6.5, H—C{4}); 6.07 (dm, 3J = 6.5, H—C(6)); 4.46 (d,
A =60, H-C(1)}; 4.57 (s. H=C(8)); 3.3] {5, MeO); 300 (ar,°F = 17.5, 7 = 6.5, 1, —C(3)); 2.85 {m, H, ~Ci2));
275t Hy, -CUaYy 270 (dd, W = 17.0, 5 = 6.0, ML, —C(1013: 2.22 {d, ' = 1.0, H,,,,,.—C{107). MS (70 eV): 220
(1, A7), 190 (19), 189 {123, 178 (1, 163 (7), 159 (XY, 145 (33), 119 {8}, 105 (73), 91 {573, 77 (100), 59 {43),

Merhy! 5.6.7 8-Tetrahydro-6-oxo-5 8-cpoxyraphthalene- 2-carboxylate (53). IR (CH,Cly): 2950, 1760, 1720
'H-NMR (250 MHz, CDCL;): 8.01 (br. 5, H=C(1)); 7.99 (dd, 'J = 8.0, *F = 1.2. H-C()}; 7.50 (d, 37 = 8.0,
H~Cidy; 5.82 (d, I = 5.0, H-C(8)); 509 (s, H~C(5)); 3.92 (5, MeO); 2.67 tdd, 2 = 15.0, *J = 5.0, H,.,—Ci7));
205 (d, 8 = 15.0, H,,;,—C(5)). MS$ (7O eV} 218 (0.1, M), 196 (25, [M — 18]7). 176 (100), 159 (203, 131 (54), 117
{253, 103 (52), 89 (63), 77 (98}, 63 {T4).

Methyl (RS 2RS SRS j-10-Oxo-f F-oxatricpelaf6.2.1.0°7 jundeca-3 6-diene-4-carboxylate  (51), Methyl
{1 RS, 28R 8RS J-10-Oxo- { F-oxatricyelof 6. 2.4 77 fundeca-3 6-diene-3-carboxyiate (52). As described for 49/50
glarting with 35 mg {.25 mmol) of 25; 51/82 7228 (47 mg, &859%). Porification by CC (Lobar (lype 4),
ACOELCH,CI; 2:98) gave the aromatized 55/56 (10 mg; see below), 51 (22 mg}, and 52 (12 mg) which was
recrystallized from E1,0/lght petroleum cther.

Data of $E: '"H-NMR (250 MHz, CDCL): 7.15 (dd, 25 = 2.0, % = 3.0, H-~C{3)): 6.07 (dm, ' = 6.5, H-C(6)):
5.14 (d, % = 5.5, H-C(8)); 4.47 (s, H-C(13); 3.77 (s, MeO}; 3.30 (ddd, 2 = 19.5,%7 = 6.5, %7 = 3.0, H,—C():
2.85-2.60 (m, 3 H, H,,,—C{9). H,,—C(5), H,,—C(2)); 2.62 {detd, °J = 17.5, %4 = 5.5, 7 = 1.0, H,,,—C(o); 2.31 (4,
27 = 17.5, Hongo— C09)). 'C-NMR (62.9 MHz, CDCly): 208.8 (x, CO10)); 166.1 (s, COOY; 139.5 (s, CTN; 137.1 (4,
C3; 1333 65, Cl; 119.7 {4, Cl6y); 82.2, TR.5 (24, CL1), CR)Y; SLE (g, MeO); 1.3 (4, C(20); 40.1, 26.7 (2¢, C{3).
C(O%. MS (T0eV): 220 ( = 0u01, M) 205 (1), 190 (38Y, 189 (10), 178 (13, 163 (6), 155 (113, 119 (5), 105 (161,91 {38),
T (573, 57 (100).

Deta of $2: Colourless crystals, M.p. 95-96°, 1R (CH,CLy). 1760, 1710, 'H-NMR (250 Mz, CDCL): 7.20 (44,
=240, == 3.0, H-C(4)); 5.99 (dmm, °F = 5.5, H—C(6)); 5.12 (. >J = 6.0, % = 1.0, H—C{8)): 5.00 (s, H-Ci 1))



3.82 (s, MeO); 3.06-2.84 (m. CHy(5), H,,—C(2)); 2.62 {ddd, 2] = 17,5, 37 = 6.0, %7 = 1.0, H,,,~C(9)}: 2.31 {4,
=175, Hongy~C(9)). PC-NMR (62.9 MHz, CDCI3): 208.8 (5, C10)); 165.7 (s, COO); 141.1 4, C4)): 1401 (s,
Ci7)); 128.7 (2. C(3)); 117.7 (4, C(6)); BL.4, TBT (24, CL), C(B)); 51.8 &g, MeD); 39.9, 27.8 (21, C(5), CON: 38.1 (4,
C(20. MS (70 eV): 226 (1, A1), 205 (1), 190 (2), 189 (11), 178 (27), 163 (34}, 159(6), 119(17), 105 (53), 91 (96), 77
(833, 59 {100).

Methyl 56,7 8-Terrahydro-7-axe-3 8-epexynaphthalene-2-carboxylate (55). 'M-NMR (250 MHz, CDC)e
8.10 (br. 5, H-C(1)); 8.03 (dd, *J = 8.0, % = 1.2, H~C(3)); 742 (d, *J = 8.0, H-C(4)); 5.80 (d, *J = 5.0, H-C(5));
500 (s, H—C(8)): 3.92 {5, MeO); 2.62 (dd, 27 = 15.0,%J = 5.0, H,,,~C(6)); 2.05 (4, %/ = 15.0, H,,5,~Ci6}).

Sulfolenes 57-60. A soln. of 0.05 mmol of cach of dienes 23-26 in 4.2 ml of CD,Cl, was degassed on the
vacuam line in 2 5-mm NMR tube {freeze/thaw cycles). Pure SO, (0.30-0.33 ml) was transferred to the tube which
was then ssaled under vacuum. The tube was allowed to stand at 20° for 3 days, then cooled in lig. Ns, opened, and
aliowed to warm up 1o 20° in a few h. The residue was taken with CH,Cl, and (he solvent evaporated in vacue at low

temp. { < 0°). The oily residues were analyzed quickly as such. Cheletropic climination of SO, accurred already at
20° for soing. of these oily ig CDCY,,

(1R3.28R,7RS)-10-Oxa-3-thiutricyelof 5.2.1.07° Jdec-5-en-8-one 3,3-Dioxide (87). IR (CHCL,): 1760, 1670,
1335, 1135, 1090, IH-NMR (250 MHz, CD,Cly80,): 630 (m, 2 (Hog—C{), H-C(5) = 5.0,
Y (H,,—Cld),H-C(3) = 2.5, F(H~C(2),H-C(Y) = 3.0, TH-CE),H-CT) = 0.5, S(H-C(1),H-C(5) = 0.5,
H-C(3)); 530 (dd, J(H-C(1JLH,,,—C9) =60, SJH-C1)H-C(3) =05 H-C(1); 470 (br. s,
“UH-C(5),H-CIT) = *VH-C(7)H,,,~CON = J(H,~CA)LH-CN) =0.5, H~C(N); 405 (m, 24 =160,
W= 25, U(H-CQWH,—C@)) = 1.5, SI(H,—CALH-CT) = 0.5, “JH, —~CAH-C(T) =05, H,,~CA):
380 (dd, =160, =50, H—C@)}; 370 (m JH-CO)H-C2) =0, “J(H-C(2),H-C(5)) = 3.0,
SHH—C(2),H,,,—CN = 1.0, YH-C)H,, ~C4) = 1.5, H-C(2)); 2.70 (br. ded, 24 = 18.0, °F = 6.0, °F = 1.0,
0.5, Hoo,~C(O)); 2.18 (d, °F = 18.0, H,,,,—C(9)). "C-NMR (160,61 MHz, CD,CL,/SO,): 205.5 (5, C(8)); 1379 (.
C(6)): 124.2(d, AT H) = 182, C(5)); 80.6, 74.7 {24, "J(C.H) = 174, C(1), CLT): 68.0 (d, W(C,H) = 155, C(2)); 60.9
(t, 'J(CH) = 146, Ci)); 43.2 (r, " HC,H) = 139, €{9). CI-MS (NH-): 207 (1.6, [M + HJ"), 200 (1. M), 183 (6),
152 (5), 137 (0.6), 136 {1.3), 108 (3.6), 94 (100}, 79 (17), 77 {18).

{{RS8.2SR.7R5 )-8 8-{ Ethylenedioxy J- 10-oxa-3-thigiricyclof 3.2.1.0%° Jdec-3-ene 3.3-Dioxide (58). 'H-NMR
(360 MHz, CD,CLISO 620 im  “H(Hy,C@OH-CEN=50, *(H,~C4)H-C5)) =125,
FH-CH-C(E) =30, YH-CEH-CM =05 JH-CLH-C5)=05 H-C(3)); 505 (dd
VH-CU)H,,,—C9) = 6.0, J{H~C({1},H~C(5)) = 0.5, H-C{1}); 4.60 {br. s, SHH—C@H-C(7) <05,
LHH-CINH,,,~COE) <05, YH-CSH-CT) =05 H-CTW; 405 (m, =160, /=25,
“H—C2)H,~CE#N = 1.5, “J(H,~CAH-CT) < 0.5, H,~C@); 41-3.85 (m, OCH,CH,0); 3.80 (dd,
=160, =50, H,—C@) 370 (m, CPJH-C1)LH-CQ)=0, *JH—C)H-C(5) =230,
HH-CR)U,,~Ci9) = 1.0,°F = 1.5, R—C{2)); 2.35 (br. did, °J = 14.0,°J = 6.0,°F = 1.0, H,,,—C(9)); 1 .90 (4,
A =140, Hoy,—C(9). “C-NMR (1509 MHz, CD,CL/SO,): 142.7 (5, Cl&)); 1139 (s, €8 1199 (4,
LHCHY = 179, H—C(5)): 811, 74.7 (24, W(CH) = 165, 169, G}, C(T)): 68.3 (d, LI(C,H) = 151, C(2); 65.3 (.
A(CH) = 149, OCH,CH,0}; 60.2 (1, W{C,F) = 140, C(4)); 44.2 (1, 'J7(C,H) = 135, CO)).

{ RS, 28R 7SR - 10-Oxa-3-thiatricyclof 5.2. 1.0 Jdec-5-en-9-gne 3.3-Dioxide {59). IR (CHCL): 2520, 2860,
1760, 1600, 1455, 1335, 1135, 'H-NMR {360 MHz, CD,Cly50,): .42 {m, J(H—Cl4).H-C(5) = 5.0,
2~ CH)H-C5)) =25, V(H-C(2)H-C(5) = 30, YH-CG)H-CTN =05, H-C(3); 525 (br. 4,
2JH-C(7),H,,,—Ci8) = 6.0, H-C(N); 470 (br. 5, *J(H-C(1)Hor,~Ci8) & 1.0, H=C(1})); 3.95 (br. ddd,
=150, 7 = 2.5, U(H - CaH-C2) = 1.5, H(H,—C@H-CT) = 0.5, H,—Cih): 3.75 (dd, 1 = 160,
3 = 3.0, Hy—C(4)); 3.65 (m, "J(H-C2),H—C(5)) = 3.0, *J(H-C(2),H,,—C(4) = 1.5, H-C{2)); 2.50 (br. dd,
2= 18.0,° = 6.0, M., —C(8)): 2.18 (. 2 = 18.0, H.ppu—C(8)). "C-NMR (100,61 MHz, CD,C1,/80,3: 208.5 (s,
CEN; 139.5 (5. C(6)); 120.1 (&, 'J(C.H) = 195, C(8): 77.2, 76.6 (2d, 'J(CH) = 170, 177, C(1), C(T)); 634 (d,
'{C,H) = 51, €(2)); 61.1 (1, 'J(C,H} = 146, C(d)); 39.6 (1, ' 7(C,H) = 137, C(R)). CI-MS (NH,): 201 (0.5), 200 (1,
M) 169 ¢T), 155 (2), 154(25, 153 (2), 138 (1.5), L37(2), 136 (2), 107 (13), 106 (2), 97 (&), 96 (2}, 94 (100), 79 (12),
77 (10).

{IR8,25R, 7SR }-9.9-1 Ethylenediox )- Hi-oxa-3-thiatricyelaf 5.2.1.0%% Jdec-5-ene 3,3-Divxide 60). IR (KBr):
2950. 1300, 1235, 1135, 1100, 1000. 'H-NMR {360 MHz, CDCLy/SO,): 5.95 (ddd, 1T = 5.0,2.5, % = 3.0, H-C(5)):
485 (br. 4 CFH-CH, ~CEN =60, SHH-CTH, ~CEN=05  H-CO}; 445 (s
AHH-C(1)LH-C(2) = 0, H-C{1)); 3.7-4.0 (m. OCH,CH;0); 398 (dd, *7 = 3.0, V{H-C(2),H,—C(4)) = L5,
H—C(2)); 3.80 (m, %S = 16.0,%F = 2.5,°F = 1.5,/ =0.5, H,, —C(4)); 3.65 (dd, 2 = 16.0, %5 = 5.0, H, (- C(d)}: 2.4 5
{dd, 2] = 14.0,% = 6.0, H,,,~C8)); 1.85 (d, 2/ = 14.0, H,,,4,,—C(8}). “C-NMR (100 6] MHz, CD,C1,/S0,): 145.4
(5 C6)): 1169 (d WICHY = 174, C{SP: 1141 (s, CI); 76.5, 76.2 (24, 'J(C,H) = 168, C(1), C(TN; 65.4, 64.6 (21,



1J(C,H) = 152, OCH,CH,0); 63.8 (d, \7(C,H) = 141, C2)); 59.9 (1, |J{C,H) = 145, C(4)); 39.1 (1, 'H(C,H) = 136,
CU8)). CI-MS (NH;): 263 (4), 262 (25), 261 (2), 245 (1.6, [M + HI*), 218 (1), 183 {1}, 183 (10}, 153 (1), 13242), 119
(8, 118 (0.5), 107 (&), 94 (1), 86 (100).
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