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Abstract: The syntheses of a-methylene y-butyrolactones and a-methylene bis-y-butyrolactones
are made simple through the use of the versatile dimethyl itaconate - anthracene adduct, 1. © 1998
Elsevier Science Ltd. All rights reserved.

INTRODUCTION
We have been employing the itaconate - anthracene adduct 1 as a starting block in the
synthesis of various important bioactive natural products,! for example, 1 has served as the
methylene carbonyl equivalent, A, in the syntheses of sarkomycin,? methylenomycin A and
deepoxy-4,5-didehydromethylenomycin A.3 Here we further disclose that 1 behaves as an
excellent methylene dicarbonyl equivalent, B, which offers an ideal route to the fused bis-y-
butyrolactone skeleton, 2. The o-methylene bis-y-butyrolactone skeleton comprises the
structure of various biologically active mold metabolites such as canadensolide, 244
sporothriolide, 2f5 and the recently discovered phytotoxin, xylobovide, 25.6
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In our pursuit of the synthesis of naturally occurring a-methylene y-butyrolactones, e.g.
methylenolactocin, 3a,” nephrosterinic acid, 3b, and protolichesterinic acid, 3¢,® we discovered
that 1 preferentially cyclized when its anion was allowed to react with an aldehyde to yield
mainly the cis- diastereomeric lactones which thus necessitate a further isomerization step to
obtain the desired compound.
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standard aqueous saturated ammonium chloride work-up followed by flash column
chromatographic separation (silica gel, ethyl acetate : acetone : hexane =1 : 0.5 : 8.5 as eluent),
diastereomeric spiro-lactones Sa-i - Sag-iv respectivelv in 24%. 46%. 3% and 1% isolated
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yields. Similar reaction of the same ester enolate with laurinaldehyde provided Sb-i - 5b-iv in
13%, 45%, 7% and 5% yields and, likewise, compounds 5c-i - 5c-iv were obtained in 15%,

45%, 3% and 2% respectively when tetradecanal was allowed to react with the enolate 4
(Table 1). The stereochemical assignment to products, i - iv, were made according to their nmr
data, i.e. the Hp, - Hy coupling constants indicated the relative stereochemistry of the adjacent R
and COOMe groups while the orientation of the latter was determined by the interaction of H,
to either Hy or H, in the NOE experiments (see Figures).

Table 1 : % Yields of products 5(i-iv)

Product % Yield
5
a, R= n—C5Hn 24 46 3 1
l’l,R=n~C”H23 13 45 7 5
¢, R= .'!-Ci_*,Hy,' 15 45 3 2
R™ R Him
MeOOC Q MeOOC, 1—Q R,
TR o - H= (0] /_0\ g’ rE(ig:gsH’_111
n & - y K= 1123
ﬂ:";x) Haﬂ MeOOC"’"\li/§O ¢, R=n-Cy3Hyy

5-i and §-iv 5-ii and 5-iii 6
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Isomerization of 5a-i and Sa-ii (0.5 eq. NaOMe, MeOH : THF =1 : 5, room temp., 2 days)
yielded the thermodynamically more stable trans- isomers, Sa-iii and Sa-iv, respectively, in
almost quantitative yields. Under similar reaction conditions $b-iii and 5b-iv were obtained
from 5b-i and 5b-ii, and Sc-iii and Sc-iv from 5c-i and Sc-ii respectively. In practice we found
that it was more convenient to treat crude mixtures of lactones (i - iv) with base and then use
chromatography (silica gel, ethyl acetate : acetone : hexane =1 : 0.5 : 8.5 as eluent) to separate
the isomerized products, iii and iv.

Flash vacuum pyrolysis of Sa-iii and Sa-iv, either in pure forms or as a mixture, gave rise to
the methylene lactone 6a (>90% purified yield in each run) which could be hydrolyzed under
acidic conditions by the established method to yield methylenolactocin, 3¢.7 In a similar
manner, compounds 5h-iii and S5h-iv almost quantitatively provided the ester 6b thence
nephrosterinic acid, 3b.8¢ Pyrolysis of Sc-iii and Sc-iv followed by hydrolysis yielded

pmtnlichegterinic acid, 3¢.8

The stereochemical outcome of the tandem aldol - lactonization reactions between the ester
enolate, 4, and the aldehyde to provide mainly the cis- lactones, i and #i, can be explained by
evoking the chair-like transition states, 7 and 8, for the aldol reaction wherein large substituents
occupy the less sterically demanding equatorial orientations as shown in Scheme 1.9 This
seemingly unfavorable situation in the synthesis of 3a, 3b and 3c, however, was perceived to

ideally lend itself to the construction of the cis- fused bis-y-lactone skeleton, 2.
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When the anion 4 was allowed to react (THF, -78°- room temp., overnight) with the lithium
alkoxide of glycolaldehyde monomer, 9a, generated in situ by the previously published
method, !9 four products, separated (silica gel PLC using acetone : ethyl acetate : hexane = 1.5 :
1 : 7.5 as eluent) and identified as bislactones 11a (19%) and 12a (13%), and the trans-
monolactones 13 (12%) and 14 (15%), were obtained (Table 2). The bislactones, 114 and 12a,
smoothly underwent flash vacuum pyrolysis to quantitatively give the corresponding

PRIS S DGR SO D, —
nethylene bislactone, 2a.
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Manipulation of the aldol - bislactonization reaction eventually provided better yields of the
bislactones 11 and 12 when 4 was allowed to react under the conditions described above with
the O-benzyl protected hydroxy aldehyde 9b followed by hydrogenolysis (H/5% Pd on C,

EtOAc, catalyuc amount of conc. HCI) of the crude reaction mixture. Silica gel PLC
separauon (hexane : dichloromethane = 1 : 1.5 as eluent) provmed three stereomeric

-7 AD

bisiactones i11d, 1ic and 12¢ in 1%, 33% and 34% yields respectively. Reaction of 4 with 9¢
yielded the butyl substituted bislactones 11d, 11e and 12e in 2%, 34%, and 29% isolated ylelds
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ie. 13 or 14, could be detected in these three experiments, and none of compound 125, 12d or
12f was isolated from these reactions. As previously described, the stereochemistry of all
products were deduced by extensive NOE experiments
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Table 2 : % Yields of products 11-14
Products %Yield
11 12 13 14
a,RI=R2= 19 13 12 15
b,RI=H, R2 C,H; 1 - - -
¢,R'=CH;,R2=H 33 34 - -
d,R!'=H, R? = n-C;H, 2 - . .
e,R'=n.CiHy, R2Z=H 34 29 - -
S .R'=H, Rz_n-bsrlm 6 - - ) .

g, Rl =n-CeHs, R2=H 52 16 . .
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Flash vacuum pyrolysis of 115 furnished racemic xylobovide, 25,6 while compounds 11c¢
and 12¢ provided epi-xylobovide, 2c. Likewise, 11d gave canadensolide, 2d,% and epi-
canadensolide, 2e,% was obtained from 11e and 12e and, finally, 11f provided sporothriolide,
2f,5 while 11g and 12g gave epi-sporothriolide, 2g, all in aimost quantitative yields.

CONCLUSIONS

Although the syntheses of the o-methylene bis-y-butyrolactones described above have
provided mainly compounds with opposite stereochemistry to that of the natural products (at
the stereogenic center bearing the alkyl substituent) the work nevertheless offers the most
direct and convenient route to the a-methylene bis-y-butyrolactone skeleton through the
versatile dimethyl itaconate - anthracene adduct, 1.

EXPERIMENTALT

General methods

Melting points were determined by Electrothermal Melting Point apparatus and were
uncorrected. 'H NMR spectra were recorded on Bruker DPX 300 and 400 MHz spectrometers
in CDCl; using TMS as internal standard. Infrared spectra were recorded on a FT-IR system
2000 (Perkin-Elmer) spectrometer. Elemental analyses were performed on a Perkin Elmer
Elemental Analyzer 2400 CHN and mass spectra were recorded on Bruker Esquire and
Finnigan MAT INCOS 50 mass spectrometers. Merck silica gel 60 PF2s4 was used for PLC,
Merck silica gel 60 and Merck silica gel 60H were employed for the flash column
chromatography. Solvents were distilled before used. Dried, oxygen free THF (distilled from
sodium / benzophenone) was used in all experiments. Lithium diisopropylamide (LDA) was
prepared by the conventional method using #n-butyllithium (purchased from Metallgesellschaft
AG, molarity was determined by titration with 2,5-dimethoxybenzyl alcohol) and
diisopropylamine in THF solution.

Preparation of  Tetrahydro-4'-carbomethoxy-5'-alkyl-2'-furanone-3'-spiro-11-9,10-

Nty 3 . A AN 41 - R |
ainyaro-y,iv-etnanoaninracene, >

Typical procedure

Tetrahydro-4'-carbomethoxy-5'"-pentyl-2'-furanone-3'-spiro-11-9, 10-dihydro-9, 10-ethano-
anthracene, Sa . To a 500 ml round-bottomed flask equipped with a magnetic stirrer was fitted
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with a three way stopcock with a septum cap and nitrogen inlet was added THF (100 ml) and
dry diisopropylamine (9.1 mli, 64.5 mmol) via syringes. The mixture was cooled down to
-78°C , n-butyllithium (1.02 N in hexane, 52.7 ml, 53.7 mmol) was added and the mixture left

o = N

stirring at 0°C for 1 hr. A solution of dimethyl itaconate - anthracene adduct, 1, (15.06 g, 44.3

mmol) in THF (100 mil) was introduced to the LDA solution at -78°C, then stirred at 0°C for 2
hr. Freshly distilled capronaldehyde (6.6 ml, 53.7 mmol) was added to the anion solution at
-78°C after which the reaction mixture was left stirring at room temperature for 2 hr. The
reaction mixture was quenched with saturated aqueous ammonium chloride solution at 0°C and
the crude mixture was extracted several times with CH,Cl,. The dichloromethane solution was
washed with HO, saturated NaCl solution, then dried over MgSQ;, filtered and evaporated to
dryness

The crude product was purified by flash column chromatography (silica gel) using EtOAc :
acetone : hexane = 1 : 0.5 : 8.5 as eluent to give diastereomeric spiro-lactones, tetrahydro-4'-
carbomethoxy-5'"-pentyl-2'-furanone-3'-spiro-11-9, 10-dihydro-9, 10-ethanoanthracene ~ Sa-i -
Sa-iv, in 24% (4.01 g), 46% (7.49 g), 3% (0.43 g) and 1% (0.15 g) respectively.

Compound 5a-i : White crystals, m.p. 144 - 146°C (from hexane). IR (CHCI3), vipax 3028,
3014, 1781, 1737, 1172 cm-l. TH NMR (300 MHz, CDCl3), 8 0.90 (t, J 6.7 Hz, 3H), 1.20-1.70
(m, 8H), 1.44, 2.41, 4.34 (ABX system, J 13.0, 2.7, 2.6 Hz, 3H), 2.84 (d, J 5.5 Hz, 1H), 3.56 (s,
3H), 4.34 (s, 1H), 4.86 (ddd, 8.4, 5.5, 5.2 Hz, 1H), 7.05-7.35 (m, 8H). 13C NMR (300 MHz,
CDCly), 6 13.8, 22.3, 25.7, 31.3, 31.4, 36.9, 43.7, 48.8, 51.6, 52.6, 56.4, 76.8, 123.0, 123.8,
125.09, 125.1, 126.0, 126.01, 126.9, 127.1, 138.0, 139.2, 143.0, 143.5, 170.2, 176.3. Analysis
C, 77.14 ; H, 7.11% Cy6H304 requires C, 77.19 ; H, 6.98%. m/z (EIMS) 404 (M*, 1%), 215
(5), 202 (4), 178 (87), 32 (57) and 28 (100).

Compound 5a-ii : White crystals, m.p. 210 - 212°C (from CH,Cl; / hexane). IR (CHCl3),
vmax 3028, 3014, 1781, 1737, 1177 ecm’!. 'H NMR (300 MHz, CDCl3), & 0.85 (t, J 6.8 Hz,
3H), 1.15-1.65 (m, 8H), 2.02, 2.11, 4.39 (ABX system, J 12.3, 3.1, 2.2 Hz, 3H), 2.24 (d, J 5.3
Hz, 1H), 3.85 (s, 3H), 4.32 (ddd, J 8.4, 5.3, 4.9 Hz, 1H), 4.64 (s, 1H), 7.00-7.55 (m, 8H).
13C NMR (300 MHz, CDCly), 8 13.8, 22.2, 25.2, 30.8, 31.3, 40.5, 43.6, 46.7, 50.5, 51.5, 58.0,
76.3, 122.2, 123.9, 124.1, 125.75, 125.77, 126.0, 126.6, 127.3, 139.4, 140.7, 142.0, 143.3,
170.3, 176.9. Analysis C, 77.37 ; H, 6.98% Cy¢H2304 requires C, 77.19 ; H, 6.98%. m/z
(EIMS) 404 (M*, 0.1%), 215 (3), 202 (3), 178 (100) and 32 (37)

Compound 5a-iii : White crystals, m.p. 118 - 119°C (from hexane). IR (CHCl3), Vmax 3028,
3015, 1770, 1733, 1171 cm-l. IHNMR (400 MHz, CDCl3), 6 0.93 (t, J 6.8 Hz, 3H), 1.28-1.75
(m, 8H), 2.12, 2.52, 4.39 (ABX system, J 12.5, 3.1, 2.4 Hz, 3H), 2.79 (d, J 10.4 Hz, 1H), 3.03
(s, 3H), 5.05 (ddd, 10.4, 9.3, 3.1 Hz, 1H), 4.53 (s, 1H), 7.08-7.36 (m, 8H). 13C NMR (400
MHz, CDCl3), 6 14.4 , 22.9, 25.8, 31.9, 34.7, 37.7, 44.3, 47.2, 51.6, 52.2, 56.6, 78.0, 123.6,
123.9, 125.1, 125.6, 126.3, 127.0, 127.07, 128.0, 138.4, 140.5, 143.8, 145.9, 169.1, 176.8.
Analysis C, 77.34 ; H, 6.76% CycH2304 requires C, 77.19 ; H, 6.98%. m/z (EIMS) 404 (M*,
2%), 215 (8), 202 (8), 178 (100), 32 (44) and 28 (94).



Compound Sa-iv : White crystals, m.p. 83 - 85°C (from hexane). IR (CHCls3), vmax 3014,
3028, 1772, 1732, 1169 cm-l. 1H NMR (300 MHz, CDCl3), 6 0.91 (t, J 6.5 Hz, 3H), 1.20-1.90
(m, 8H), 1.98, 2.58, 4.38 (ABX system, J 12.9, 3.2, 2.3 Hz, 3H), 2.93 (d, J 7.6 Hz, 1H), 3.24 (s,
3H), 4.41 (ddd, 7.7, 7.6, 4.9 Hz, 1H), 4.29 (s, 1H), 7.10-7.40 (m, 8H). 13C NMR (300 MHz,
CDCly), & 13.9, 22.4, 24.9, 31.4, 34.9, 35.1, 43.8, 51.3, 51.9, 53.1, 56.7, 78.7, 122.6, 124.0,
125.6, 125.7, 126.2, 126.4, 126.8, 136.3, 139.4, 143.2, 143.5, 170.6, 177.0. Analysis C, 77.34 ;
H, 6.96% C;6H2304 requires C, 77.19 ; H, 6.98%. m/z (EIMS) 404 (M*, 0.7%), 215 (3), 202

Tetrahydro-4'-carbomethoxy-5"-undecyl-2'-furanone-3'-spiro-11-9, 10-dihydro-9, 10-ethano-

PPy J R

o F
ariniraceriec, o

Compounds Sb-i - Sb-iv were obtained when laurinaldehyde was employed in the above
typical procedure.

vmax 3029, 3013, 1780, 1738, 1172 cml. TH NMR (300 MHz, CDCl;), & 0.89 (t, J 6.8 Hz,
IH). 1.20-1.70 (m. 20H) 144 241 435 (ABRX gustem. J13.1. 2R 27 Hz IH). 285(d. J5.5
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13C NMR (400 MHz, CDCl;), 6 14.1, 22.6, 26.0, 29.27, 29.33, 29.4, 29.5, 31.4, 31.9, 37.0,
43 8 489 . 51.6. 52.6. 56.4. 76.8. 123.2. 1239 125.09. 125.11. 126.1. 1269 127.1. 138.0
Uy Uty J LUy JadUy JUSTTy TVDy LLdelny LLdedy Lbdd T 7y 1Ladelly 1LVULy 1ALV LLdldy 1J0.U,
1393, 143.0. 143.6. 1703. 176.4. Analvsis C. 78 .85 : 8.229% CaaHins requires C. 78.64 -
LdZedy 7T 0Vy 17TI4Uy L1 Vedg LTUCTy LMIALYOID Nvy 1 UUD g L ky Uil /U N3 /1 IJYN/4 LW ILWAT vy T UUT o
R 26%. m/z (EIMS) 488 {M+ 0.2%) 215 (2). 203 (2) and 178 (100
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Compound 5b-ii (45% yield) : White crystals, m.p. 159 - 160°C (from CH,Cl; / hexane).
IR (CHCl3), vimax 3018, 3028, 1782, 1737, 1172 cm-!. 'H NMR (300 MHz, CDCl3), 6 0.87 (t,J
7.2 Hz, 3H), 1.15-1.70 (m, 20H), 1.98, 2.08, 4.39 (ABX system, J 12.4, 3.0, 2.3 Hz, 3H), 2.23
(d, /5.2 Hz, 1H), 3.85 (s, 3H), 4.30 (ddd, J 8.4, 5.2, 5.1 Hz, 1H), 4.64 (s, 1H), 7.00-7.55 (m,
8H). 13C NMR (400 MHz, CDCls), 6 14.0, 22.6, 25.6, 29.16, 29.2, 29.3, 29.46, 29.48, 30.9,
31.8, 40.6, 43.6, 46.7, 50.6, 51.6, 58.1, 76.4, 122.3, 123.9, 124.2, 125.8, 126.1, 126.6, 127.3,
139.4, 140.7, 142.0, 143.3, 170.3, 176.9. Analysis C, 78.50 ; H, 8.19% C33H4004 requires C,
78.64 ; H, 8.26%. m/z (EIMS) 488 (M*, 0.3%), 215 (2), 203 (1) and 178 (100).

v 200 N1 1770 1722 1174 cm-l I NMR 7400 MH> O S001 (+ T70 He
Vmax JV40, JUlJ, L/ /U, 1733, 1170 CIII"". @1 INIVIIN (VU iz, w3y, O vl (4, v 7.V 112,
I 1901 78 (1 NI 219 9281 AW (ARNRY cqygtam T 128 20 24 T 2N 27Q@ ¢4 1
Jrij, 1.4U=1./0 \IM, dull}, £.14, £.01, 4.37 \ADA SYSI€ll, v 14.7, 5.V, £4.4% NiZ, 511), 2./6 \Q, J
104 Hz 1THY 202 (5. 3B). 5.04(ddd. 104 . 92 20Hz 1H) 453 (5. 1H). 7.07-7.35 (m. 8
s }, o Ay gl \D’ Jl.l}, o \JTT \uuu, AVUVTTy Loy JoU LAl J..l.l}’ el I \D’ .l.l.].l, I «NJ 7 e PV \.lll., Ul..l.j-
13C NMR (400 MHz, CDCls), 6 14.2, 22.7, 25.8, 29.3, 29.4, 29.5, 29.6, 29.65, 29.66, 32.0,
2472 272 A20 AA R S1 9 £1Q 8419 774 12272 122 & 1947 19872 124N 120A& A 1747
I.5, J7.0, 3.7, 40.0, J1.4, J1.0, OU.Ly 17.O, VLI.Ly LLI.Jy 1L 1y Ll by VLGV, 1LU.U, 1£LU.7,
127.6, 1380 140.1. 143 4 145.5, 168.7. 1764 Analvaic C. 78 22 . R 14% (. H,n
Wy LIUWY, ETUGLy 1T, 1Ty 1VUULT, LT ULT. LAALY OIS vy FU.0L y K2y CaaF/0 320404
raqiirag (0 7R AA - R 280, m/7 (BRINAQY AQR N+ D AV D185 (Y 2N (D) and 17R (100N
l\Jqull\/D Ny FOJNJT 4 11y, UV /U 111 £ \uu.v:.u/ TOOU \.lvl. E) U-'T/UJ’ L LS \‘-}’ T \A} alilvu 1790 \LUU}
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Compound Sc-i (15% yield) : White Crystals, m.p. 67 - 69°C (from hexane). IR (CHCls),
Vmax 3030, 3013, 1780, 1739, 1172 cm-l. H NMR (400 MHz, CDCl3), 8 0.92 (t, J 7.0 Hz,
3H), 1.20-1.75 (m, 24H), 1.48, 2.45, 4.38 (ABX system, J 13.1, 2.8, 2.6 Hz, 3H), 2.88 (d, J 5.5
Hz, 1H), 3.62 (s, 3H), 4.36 (s, 1H), 4.89 (ddd, 8.7, 5.5, 4.5 Hz, 1H), 7.10-7.40 (m, 8H).
I3C NMR (400 MHz, CDCls), 8 14.5, 23.1, 26.5, 29.76, 29.77, 29.8, 29.9, 30.0, 30.07, 30.1,
31.9, 32.3, 37.4, 44.2, 494, 52.1, 53.1, 56.9, 77.3, 123.7, 124.4, 125.6, 126.5, 127.4, 127.6,
138.5, 139.7, 143.5, 144.1, 170.7, 176.8. Analysis C, 79.26 ; H, 8.43% C34H4404 requires C,
79.02 ; H, 8.59%. m/z (EIMS) 516 (M, 0.6%), 215 (2), 202 (1) and 178 (100).
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Compound Sc-iii (3% yield) : White Crystals, m.p. 84 - 85°C (from hexane). IR (CHCl;),
Vmax 3029, 3013, 1770, 1733, 1177 cm-l. 'H NMR (300 MHz, CDCl5), 6 0.88 (t, J 6.7 Hz,
3H), 1.20-1.70 (m, 24H), 2.09, 2.48, 4.35 (ABX system, J 12.5, 3.1, 2.3 Hz, 3H), 2.74 (d, J
10.4 Hz, 1H), 2.99 (s, 3H), 4.49 (s, 1H), 5.01 (ddd, 10.4, 9.1, 3.1 Hz, 1H), 7.00-7.30 (m, 8H).
13C NMR (300 MHz, CDCl3), & 14.1, 22.7, 25.7, 29.3, 29.32, 29.4, 29.5, 29.6, 29.61, 29.64,
31.9, 34.3, 37.2, 43.9, 46.7, 51.2, 51.8, 56.1, 77.6, 123.1, 123.4, 124.7, 125.1, 125.9, 126.5,
126.6, 127.5, 137.9, 140.0, 143.3, 145.4, 168.6, 176.3. Analysis C, 79.28 ; H, 8.64% C;34H4404
requires C, 79.02 ; H, 8.59%. m/z (EIMS) 516 (M*, 0.4%), 215 (2), 202 (1) and 178 (100).
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ced isomerization reaction of Tetrahydro-4'-carbomethoxy-5'-tridecyl-2'-
t

Aihwden 0 TN athannontheannnma &
UMHLYUIUT 74 A UTVLIAIUVALIIIT aVViIby J

Typical procedure

To a solution of the spiro-lactone, Sa-i (139.5 mg, 0.35 mmol) in THF (10 ml) and MeOH
(2 ml) was added at 0°C sodium methoxide solution (1.38 N in anhydrous MeOH, 0.13 ml,
0.17 mmol) and the mixture was left stirring at room temperature for 2 days. The reaction
mixture was quenched with saturated NH4Cl solution and extracted several times with CHCl,.
The combined organic layer was washed with H,0, saturated NaCl solution, then dried over
MgSO;, filtered and evaporated to dryness in vacuo. TLC analysis (silica gel, using EtOAc :
acetone : hexane = 1 : 0.5 : 8.5 as eluent) indicated that the isomerization reaction was almost
complete. Crystallization of the crude residue with hexane gave the thermodynamically more
stable frans- isomer, Sa-iii (117 mg, 84% yield). Similar treatment of Sa-ii provided Sa-iv .

Isomerization of 5b-i and 5b-ii furnished 5b-iii and 5b-iv respectively, and, under the same
reaction conditions, Sc-i and Sc-ii gave Sc-iii and Sc-iv, in 85 - 90% yields.

Flash vacuum pyrolysis of tetrahydro-4'-carbomethoxy-5'-alkyl-2'-furanone-3'-spiro-11-
9,10-dihydro-9,10-ethanoanthracene, 5

Flash vacuum pyrolysis of § (trans- isomers) by the method previously described? induced
the retro Diels-Alder reaction to provide the corresponding o-methylene y-butyrolactone in
almost quantitative yields.

Methyl  tetrahydro-4-methylene-5-oxo-2-pentyl-3-furancarboxylate ~ (Methylenolactocin
methyl ester), 6a,7d was obtained as colourless oil. IR (film), vyax 1770, 1742 ¢cm-l. 1TH NMR
(300 MHz, CDCl3), 8 0.90 (t, J 7.0 Hz, 3H), 1.20-1.55 (m, 6H), 1.70 (m, 2H), 3.60 (ddd, J 7.0,
3.0, 3.0 Hz, 1H), 3.80 (s, 3H), 4.82 (ddd, J 7.0, 6.0, 6.0 Hz, 1H), 5.94 (d J 2.5 Hz, 1H), 6.42 (d,
J 2.5 Hz, 1H). 13C NMR (75 MHz, CDCl3), 6 14.0, 22.5, 24.5, 31.4, 35.7, 49.8, 53.0, 79.1,
125.3, 133.1, 168.4, 169.8. Analysis C, 63.2 ; H, 8.3% C,,H,304 requires C, 63.7 ; H, 8.0%.
m/z (HREIMS) 226.12024 (M*), C12H;30, requires 226.12051.
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,79.4,125.5,133.5, 168.7, 170.1. Analysis C, 69.44 ; H,
13C NMR (400 MHz, CDCls), &

14.5, 23.1, 25.2, 29.6, 29.7, 29.8, 29.9, 29.99, 30.03, 30.1, 32.3, 36.2, 50.2, 53.3, 79.4, 125.5,
133.5, 168.7, 170.1. Analysis C, 71.10 ; H, 10.17% CyoH3404 requires C, 70.95 ; H, 10.13%.

m/z (LC/(+)ESI-MS) 699.3 (2M+Na", 88%), 333.1 (M+Na", 100) and 339.2 (M'+1, 59).

IH NMR (400 MHz, CDCL), § 0.90 (t, J 7.0 Hz, 3H), 1.20-1.60 (m,

22H), 1.60-1.80 (m, 2H), 3.60 (ddd, J 5.7, 3.0, 2.7 Hz, 1H), 3.82 (s, 3H), 4.81 (ddd, J 7.2, 7.2,

4

33

1

1,50.2,5

White crystals, m.p. 4

¥ Tt

-~

0.0, 32.3, 36.

\

.- v + 2 oA

1 (M+Na', 100) and 311.2 (M'+1, 23).

63, 1206 cm-L.

29.8,29.9, 3

metnyl ester), 6¢ :
, 12

2

7

Methyl tetrahydro-4-methylene-5-oxo-2-tridecyl-3-furancarboxylate (Protolichesterinic acid
14.5, 23.1, 25.2, 29.6, 29.7, 29.8, 29.9, 30.0, 32.3, 36.1, 49.9, 79.3, 126.3, 132.8, 168.7,

Tr Mm

6

isolated yield) as white crystals, m.p. 86 - 88°C. IR (KBr-pellet), vnax 3103, 1745, 1718, 1662,

5.7 Hz, 1H), 5.93 (d, J 2.7 Hz, 1H), 6.42 (d, J 3.0 Hz, 1H).

Typical procedure
(M+Na*, 100).

6
ol

1

9.61% C;3H3004 requires C, 69.63 ; H, 9.75%. m/z (LC/(+)ESI-MS) 643.3 (2M+Na*, 81%),

Hydrolysis of Methyl tetrahydro-4-methylene-5-oxo-2-alkyl-3-furancarboxylate, 6

333.






Compound i2a : Colouriess crystals, m.p. 214 - 215°C.
1778, 1203, 1165, 760 cm-1. 'H NMR (300 MHz, CDCl3), 8 2.00, 2.99, 4.49 (AB ,
13.3, 2.9, 2.5, Hz, 3H), 2.84 (d, J 5.6 Hz, 1H), 4.19 (s, 1H), 4.40 (dd, J 11.5, 4.0 Hz, 1H), 4.59
(d, J 11.5 Hz, 1H), 5.49 (dd, J 5.6, 4.0 Hz, 1H), 7.10-7.80 (m, 8H). 13C NMR (300 MHz,
CDCl,), 6 30.7, 43.6, 47.4, 51.7, 52.1, 70.3, 75.8, 123.3, 124.5, 125.1, 125.2, 126.1, 127.3,
127.6, 137.2, 138.7, 143.2, 143.7, 171.2, 175.0. Analysis C, 75.56 ; H, 4.76% C;1H;604
requires C, 75.88 ; H, 4.86%. m/z (LC/(+)ESI-MS) 687.5 (2M+Na’', 19%) and 355.2 (M+Na’,
100).

4-Methylene-2,7-dioxabicyclo[3.3.0]octan-3,6-dione, 2a

Flash vacuum pyrolysis of either 11a or 12a provided the methylene bislactone 2a in 72%
yield.

Compound 2a : White crystals, m.p. 86 - 87°C (from CH;Cl; / hexane). IR (KBr-pellet),
v 3102. 3036, 1753. 1662. 1216, 1198 cm-l. H NMR (400 z. CDCl). 8§ 4.00 (ddd. J
vmax 3102, 3036, 1753, 1662, 1216, 1198 cm-l. 'H NMR (400 MHz, CDCls), 8 4.00 (ddd, J
7.2, 2.2, 2.0 Hz, 1H), 4.65 (d, J 3.3 Hz, 2H), 5.34 (ddd, J 7.2, 3.3, 3.3 Hz, 1H), 6.22 (d, J 2.0
Hz 1H). 652 (d. J2.2 Hz 1H) 13C NMR (400 MHz CDCL) §443 795 757 197.6. 120 5
L A1L, 111}, Ve b \\«l, UV Lda L AL, 1.].1}- AR FRZ AN \-I‘UU ivii iz, \.1“\/1_5)’ U T TTy T ody 1 Jed g LT WUy LT,
1872 1778 Analygie (" S4A1 - 1T A 000/, " _TI 0N). rannirag (' S84 §4 - LT 2 Q0 vm/=2 (T /(1)
AV Ly LT Lude nucu]alo Ly JTT.VUL 4 11, T U7 /70 U/116\JG ICHUJIUD oy JTHIT 4 1Ry JTI/V 11 L \1_'\//\ 1 }
QI NQY 174 7 INANTAT 260/Y 109 27100 and 74 Q /Q)

LO1-1VLS J 170,/ UVITINA , &0/0), 1V£. 0 (1VV) dalld /4.0 (F)

Synthesis of 2-benzyloxyalkanal

Typical procedure

H V- s WP 1o Y «f « ISR, |
acia (J5.U g, >¥.60 mmoi)

> acid
.74 g, 43.65 mmol) and

rantinnal

A D T ke ] QL . Tho cm i cnlde A
L=-Denzytoxyoutand:, 3o . 111 SOUlUlll sdit O

UUILLJ!UI VLI \7 O llll, Ol.7% 111111V 111 r71ivll \ 1 11l } at 1Uulll u:u.llJUl. atul v uUllivelitiuiial
wnrl_11m nravidad hansvl 2_lhenrvlavvhintannate (7 87 o RA794)
YV lJlV V INANAL UVII_LJJ 1 & UVAILAJ IUAJ LWLl \ I el ¥ 5’ AV a4 \Jl

Benzyl 2-benzyloxybutanoate (7.57 g, 26.65 mmol) was reduced with LAH (3.54 g, 93.29
mmol) in THF (140 ml) at -10°C to yield the corresponding aicohol, 2-benzyloxybutanol (4.69
g, 98%).

2-Benzyloxybutanol (4.69 g, 26.05 mmol) was converted to the desired product, 2-benzyl-
oxybutanal, 9b, in 90% yield by Swern oxidation using oxalyl chloride (2.5 ml, 28.68 mmol),
DMSO (2.0 ml, 28.68 mmol) in CH>Cl; (200 ml) and the crude product was purified by bulb to

bulb distillation under reduced pressure.
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2-Benzyloxybutanal, 96 : Colourless liquid. IR ('1eat), Vmax 3032, 2937, 1732, 1496, 1455,
1378, 1089 cm-l. 'H NMR (400 MHz, CDCl;), 6 1.01 (t, J 7.4 Hz, 3H), 1.65-1.85 (m, 2H),
3.74 (ddd, J 5.4, 4.4, 2.1Hz, 1H), 4.64 (AB system, J 11.8 Hz, 2H), 7.32-7.47 (m, 5H), 9.68 (d,
J2.1 Hz, 1H). m/z (EIMS) 178 (M*), C,;H40; requires 178.

2-Benzyloxyhexanal, 9¢ : Colourless liquid (70% overall yield from 2-hydroxyhexanoic
acid). IR (neat), v, 2950, 1730, 1500, 1455, 1380, 1100 cm-!. 'H NMR (400 MHz, CDCl;),
ﬁﬂR‘i(‘r J 7.2 Hz, 3H), 1.20-1 4§(m 4H\1’~70 .67 (m, 2H), '%70(dtj6‘i 2.1 Hz. 1H).

J. 0 b aalsy 225 LRy AYaE "Ry =R 27 L5 L )

4.55 (AB system, J 11 7H7 2H), 720 735 (m, 5H), 960 (d, ,12,] z, 1 m —(E:IMS) 06

wills J1i/s + Ry LA3)s 1ML LIS

( M+), C!3H|_ $O, requires 206

N

acid). IR (neat), v 2930, 2859,
6087(tJ6IHZBH),1 0-1.5 . .
(AB system, J 11.7 Hz, 2H), 7.25-7.37 (m, 5H), 9.62
CsH» 0, requlres 234,

,2.1 Hz, 1H), 4.58
,J2.1 Hz, 1H). m/z (EIMS) 234 (M*),

Typical procedure

Reaction of the ester enolate 4 with 2-benzyloxybutanal, 9b ; Formation of 8'-Ethyl-2'7"-
dioxabicyclo [3.3.0] octan-3',6"-dione-4 -spzro-] I- 9.1 0-dzhydr0-9,] O-ethanoanthracene 115,
11c, and 12¢ ; To a solution of LDA (1.1 eq., 41.91 mmol) in THF (150 ml) at -78°C was
added a solution of dimethyl itaconate - anthracene adduct, 1 (12.80 g, 38.10 mmol) in THF
(50 ml) and the mixture was left stirring at 0°C for 1 hr. 2-Benzyloxybutanal, 95 (7.12 g, 40.0
mmol) was added at -78°C and stirred at -78°C for 0.5 hr. and at room temperature for 3 hr.
The mixture was quenched with saturated aqueous ammonium chloride solution and the crude
product was extracted into dichloromethane, the combined dichloromethane extract was
washed with water, dried over MgSQO4 and evaporated to dryness to give the crude product.

The crude product was dissolved in ethyl acetate (200 ml) and 5% palladium on charcoal
(catalytic amount) and three drops of conc. HCl were added. The mixture was subjected
hydrogenolysis at room temperature. The reaction mixture was filtered through celite and the
filtrate washed with saturated aqueous NaHCO; solution, water, dried over MgSO, and
evaporated to dryness. The residue was column chromatographed (silica gel, using hexane :
dichloromethane = 4 : 6 as eluent) to give recovered starting material 1 (2.67 g, 79%
conversion), 1154 (0.12 g, 1%), 11c (3.82 g, 33%) and 12¢ (3.92 g, 34%).

Compound 115 : White crystals, m.p. 270 - 272°C (from CH,Cl, / hexane). IR (CHCls),
Vmax 3028, 2960, 1777, 1460 cm-!. 'H NMR (400 MHz, CDCl3), 6 1.06 (t, J 7.5 Hz, 3H), 1.77-
2.03 (m, 2H), 1.91, 2.19, 4.41 (ABX system, J 12.5, 2.8, 2.5 Hz, 3H), 2.48 (d, J 4.5 Hz, 1H),
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4.19 (dt, J 7.2, 3.2 Hz, 1H), 4.75 (dd, J 4.5, 3.2 Hz, 1H), 5.11 (s, 1H), 7.12-7.82 (m, 8H)

13C NMR (400 MHz, CDCl3), 8 9.5, 22.0, 42.3, 43.6, 44.5, 49.4, 53.1, 76.2, 81.5, 122.7, 123.2,

126.0, 126.1, 126.2, 126.4, 126.6, 127.3, 139.4, 141.0, 142.2, 143.0, 171.0, 175.2. Analysis C,

le VAl 4o TS & SV -2 i [ | VAR A TTY ey P Y o | e Y 4. | TY & N/ el AT AU ANTIOLY A ECI\ MO M A E AT &

76.52 ; H, 5.57% Cy3H004 requires C, 76.64 ; H, 5.60%. mv/z (LC/(+)ESI-MS) 383.3 (M+Na*,
1 b Wt | ‘I‘I+AI F¥a%Y 7Y e Wa¥al

71%), 361.4 (M +1, 40) and 179.1 (100).

Compound 11c¢ : White crystals, m.p. 272 - 274°C (from CH;Cl; / hexane). IR (CHCI;),
Vmax 3024, 3012, 2998, 1791, 1459, 1359, 1157 cm-l. 1H NMR (400 MHz, CDCls), 6 0.96 (t, J
7.5 Hz, 3H), 1.43-1.57 (m, 2H), 1.89, 2.18, 4.38 (ABX system, J 12.5, 2.8, 2.5 Hz, 3H), 2.46
(d, J4.7 Hz, 1H), 4.60 (d, J 4.7 Hz, 1H), 4.48 (t, J 7.2 Hz, 1H), 5.06 (s, 1H), 7.09-7.8 (m, 8H).
13C NMR (400 MHz, CDCls), 6 9.8, 25.6, 43.1, 44.3, 49.8, 51.4, 79.2, 83.6, 123.9, 124.4,
127.1, 127.3, 127.4, 127.5, 127.9, 128.5, 140.6, 142.1, 143.6, 144.2, 172.5, 176.5. Analysis C,
76.71 ; H, 5.44% Cy3Hp00y4 requires C, 76.64 ; H, 5.60%. m/z (LC/(+)ESI-MS) 360.7 (M'+1,
100%), 178.9 (57) and 85.4 (11).

Compound 12¢ . White crystals, m.p. 198 - 199°C (from CHCl; / hexane). IR (CHCL),
Vmax 3028, 2942, 1773, 1459, 1359, 1172, 1147, 1034, 765 cm-!. 'H NMR (400 MHz, CDCls),
6 1.06 (t, J 7.4 Hz, 3H), 1.59-1.77 (m, 2H), 2.25, 3.18, 4.51 (ABX system, J 13.3, 2.9, 2.3 Hz,
3H), 2.86 (d, J 5.6 Hz, 1H), 4.21 (s, iH), 4.57 (dd, J 7.5, 6.6 Hz, iH), 5.17 (d, J 5.6 Hz, 1H),
7.15-7.45 (m, 8H). 13C NMR (400 MHz, CDCl3), 6 9.5, 26.2, 31.1, 43.9, 47.7, 51.7, 52.4,
79.3, 83.8, 123.6, 124.8, 125.5, 126.4, 126.5, 127.6, 128.0, 137 7, 139.1, 143.6, 144.1, 173.2,
175.7. Analysns C, 76.48 ; H, 5.44% Cy3H,¢04 requires C, 76.64 ; H, 5.60%. m/z (LC/(+)ESI-

MS) 360.7 (M'+1, 9.4%), 190.9 (6) and 178.9 (100).

.3.0Joctan-3',6"-dione-4 -spz'ro 11-9,10- a'ihydro 9, 10-ethano-

anthracene 1id, 1ie and 12e ; According to the Typical proceaure described aoove,
~ 117 11 . aced 1M ccrmcan a1 Lo . A.L- PRPREYS. Sy e ~ ~y
CO pUUIlUb 114d, 11 ang 14€ were optained 1rom tn€ reactuon UJ. I.HC CﬂUldlC " dﬂu L=

benzyloxyhexanal 9c.

Compound 11d (2% yield) : White plates, m.p. 177 - 178°C (from CH,Cl, / hexane). IR
(CHCI3), vimax 3028, 2961, 1779, 1460, 1215, 742 cm-!. 'H NMR (300 MHz, CDCl3), 6 0.9 (t,
J 7.2 Hz, 3H), 1.23-1.92 (m, 6H), 1.85, 2.12, 4.36 (ABX system, J 12.5, 2.9, 2.4 Hz, 3H), 2.4
(d, J 4.5 Hz, 1H), 4.18 (ddd, J 6.5, 4.4, 3.4 Hz, 1H), 4.64 (dd, J 4.5, 3.4 Hz, 1H), 5.07 (s, 1H),
7.05-7.78 (m, 8H). 13C NMR (300 MHz, CDCl3), 6 13.7, 22.3, 27.2, 28.2, 42.1, 43.5, 44.3,
493, 52.9, 76.4, 80.1, 122.6, 123.1, 1258, 126.0, 126.1, 126.3, 126.5, 127.2, 139.3, 140.8,
142.1, 143.0, 170.9, 175.2. Analysis C, 76.99 ; H, 6.33% C,5H404 requires for C, 77.29 ; H,
6.23%. m/z (EIMS) 388 (M", 1%) and 178 (100).

hexane). IR (CHCL), vmax 3029, 2961, 1777, 1460, 1355, 1210 cml. 1H NMR (30 MHz,
CDCly), 8 0.87 (t, J 7.1 Hz, 3H), 1.2-1.5 (m, 6H), 1.95, 2.17, 4.38 (ABX system, J 12.5, 2.8,
2.4 Hz, 3H), 2.46 (d, J 4.5 Hz, 1H), 4.53 (t, J 7.3 Hz, 1H), 4.58 (d, J 4.5 Hz, 1H), 5.05 (s, 1H),
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00 MHtz, CDCl3), 6 13.6, 22.0, 26.7, 31.4, 42.3, 43.5, 44.2,
23.1, 125.8, 126.0, 126.1, 1263 126.6, 127.2, 139.3, 140.8,
alysis C, 77.60 ; H, 6.37% C,5sH»404 requires C, 77.29 ; H,

388 (M", 13%), 178 (100) and 91 (41).

)
>
ey

Compound 12e (29% yield) : White plates, m.p. 184 - 185°C (from CH,Cl; / hexane). IR
(CHCIl3), vmax 3020, 2922, 1773, 1460, 1350, 1220, 738, 780, 671 cm-l. 'H NMR (300 MHz,

CDCl,), 3 0.89 (t, J 7.2 Hz, 3H), 1.22-1.65 (m, 6H), 1.96, 2.96, 4.44 (ABX system, J 13.3, 3.0,
2.5Hz, 3H), 2 80 (d, J5.6 Hz, IH), 4.16 (s, 1H), 4.56 (dt, /7.9, 6.1 Hz, IH\, 5.11(d, /5.6 Hz,
1H), 7.07-7.4 (m, 8H). 13C NMR (300 MHz, CDCl3), 8 13.6, 21.9, 26.6, 30.6, 32.0, 43.4, 47.0,
51.2, 51.8, 79.1, 82.1, 123.1, 124.2, 125.0, 125.04, 125.8, 1259, 127.0, 127.4, 137.2, 138.5,
143.1, 143.6, 172.6, 175.1. Analysis C, 77.22 ; H, 6.18% C35H»404 requires C, 77.29 ; H,
6.23%. m/z (LC/(+)ESI-MS) 389.2 (M*+1, 2%), 193.1 (5) and 179.1 (100).

8’ (){‘h}l-? 7-/]1nvnh1f'vr']nf? 3 n7nr'fnn_?’ﬂ’ dione-4' cnn-n..ll 9 m-fhhmlm_o 10-ethano-

R Al

anthracene 11f, 11g and 12g ; Compounds 11f, 11g and 12g were obtalned from the reaction
of the enolate 4 and 2-benzyloxyoctanal, 9d.

VA 131N X71 ‘r“

Compound 11f (6% yield) : White plates, m.p. 169 - 171°C (from CH,Cl, / hexane). IR
(CHCl3), vmax 3029, 2930, 1778, 1459, 1326 cm-!. 'H NMR (300 MHz, CDCl;), 5 0.87 (t, J

6.7 Hz, 3H), 1.16-1.51 (m, 8H), 1.65-1.98 (m, 2H), 1.85, 2.12, 4.36 (ABX system, J 12.5, 3.0,

2.6 Hz, 3H), 2.41 (d, J 4.5 Hz, 1H), 4.19 (ddd, J 8.0, 6.4, 3.2 Hz, 3H), 4.65 (dd, J 4.5, 3.2 Hz,

1H), 5.06 (s, 1H), 7.06-7.77 (m, 8H). 13C NMR (300 MHz, CDCl3), & 13.9, 22.4, 25.1, 28.5,
28.8, 31.4, 42.1, 43.5, 443, 49.3, 52.9, 76.4, 80.1, 122.6, 123.1, 125.8, 126.0, 126.1, 126.3,
126.5,127.2, 139.3, 140.8, 142.1, 142.9, 170.9, 175.1. Analysis C, 77.93 ; H, 7.0% Cp7H2304

requires C, 77.85 ; H, 6.78%. m/z (LC/(+)ESI-MS) 416.2 (M*+1, 0.5%) and 179.1 (100).

Compound 11g (52% yield) : White plates, m.p. 205 - 206°C (from CH,Cl; / hexane). IR
(CHClq] Vmax 3029, 2931, 1777, 1459, 1358 cm-!, 1HNMR(BOOMH? CDCl2). 8 0.86 (t,J7.0

i == =255

Hz, 3H), 1.1-1.5 (m, IOH\ 1.86, 2.12, 4’36(AR’Xqvqtem J 125,28, 2.5Hz,3H),2.44 (d, J

4.6 Hz, 1H), 4.49 (1, J 7.1 Hz, 1H), 4.54 (d, J 4.6 Hz, 1H), 5.04 (s, 1H), 7.0-7.8 (m, 3E).
13C NMR (100 MHz. CDCIl), d 13.8. 22.3,24.6,28.4, 31.3 315 421 4?4 441 49.0. 50.5

AL 2L, 3575 & ~ ‘e A PR AT

78.5, 81.3, 122.6, 123.1, 125.7 1A 7 139,3 1407 1497 142.9,
4 requires C, 77.85 ; H, 678% m/z (LC/
100).

XY 7 1m0

Compound i2g (16% yieid) : White plates, m.p. 196 - 197°C (from CH,Cl; / hexane). IR
(CHCl3), vmax 3028, 2932, 2861, 1773, 1459, 1359 cm-l. TH NMR (300 MHz, CDCl;), 6 0.86
(t, J 6.9 Hz, 3H), 1.1-1.7 (m, 10H), 1.93, 2.93, 4.42 (ABX system, J 13.3, 2.9, 2.5 Hz, 3H),
2.78 (d, J 5.6 Hz, 1H), 4.11 (s, 1H), 4.56 (dt, J 7.9, 6.2 Hz, 1H), 5.08 (d, J 5.6 Hz, 1H), 7.05-

7.38 (m, 8H). 13C NMR (300 MHz, CDCls), 6 13.9, 22.3, 24.6, 28.6, 30.6, 31.4, 32.5, 43.5,
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.0, 79.1, 82.2, 123.1, 1244, 125.0, 1259, 126.0, 127.1, 127.5, 137.2, 138.6,
1 .1. Analysis C, 77.98 ; H, 7.03% C;7H304 requires C, 77.85 ; H,

43.7, R
6.78%. m/z (LC/(+)ESI-MS) 417.1 (M*+1, 32/) 239.2 (33) and 179.2 (100).

FTounn Ny Y ATE__ % A7t 3°___ L. >°_____ | P P D A At ____°___ 11 N 1 L ___B__
l'yl'Ulyblb (1) ] O 'All&yl-‘é I 'UlUlleLyLlU[a J U]Uleﬂ‘J ,0 "(.IIUIIG"". -bpll’ﬂ'll ~J,iU-ainyuro-

9,10-ethanoanthracene (115, 11c¢, 12¢, 114, 11e, 12¢, 11f, 11g and 12g)

8-Ethyl-4-methylene-2,7-dioxabicyclo[3.3.0]octan-3,6-dione [(x)-Xylobovide], 2b from 11b
: The adduct 115 (22 mg, 0.061 mmol) was subjected to pyrolysis according to the procedure
described above to provide (t)-xylobovide, 25 (6 mg, 95% yield), whose spectroscopic data
were identical to those reported.6 Colouriess crystals, m.p. 106 - 107°C [from CH,Cl, /
hexane; lit.5 m.p. 106°C]. IR (CHCI3), vmax 3029, 2974, 1777, 1226 cm-l. TH NMR (400
MHz, CDCl3), & 1.08 (t, J 7.4 Hz, 3H), 1.94 (m, 2H), 4.01 (dt, J 6.7, 1.9 Hz, 1H), 4.58 (dt, J
7.1, 4.8 Hz, 1H), 5.16 (dd, J 6.7, 4.8 Hz, 1H), 6.15 (d, J 1.9 Hz, 1H), 6.46 (d, J 2.0 Hz, 1H).
13C NMR (400 MHz, CDCl3), 6 10.2, 22.7, 46.8, 77.7, 84.9, 128.5, 131.0, 168.8, 173.4. m/z
(LC/(+)ESI-MS) 182.7 (M*+1, 13%), 164.7 (100), 154.8 (44) and 136.9 (24).

Pyrolysis of compounds 11c and / or 12c¢ furnished 8-ethyl-4-methylene-2,7-dioxabicyclo
[3.3.0]octan-3,6-dione [(+)-epi-Xylobovide], 2¢ : Colourless crystals, m.p. 107 - 108°C (from
CH,Cl; / hexane, 93% and 99%yield from 11c and 12¢ respectively). IR (CHCIl3), vmax 3029,
1778, 1667, 1360, 1298, 962, 918 cm-l. 1H NMR (400 MHz, CDCl3), § 1.04 (t, J 7.4 Hz, 3H),
1.76 (m, 2H), 3.98 (dt, J 7.3, 2.2 Hz, 1H), 4.61 (dt, J 7.0, 1.2 Hz, 1H), 4.90 (dd, J 7.3, 1.2 Hz,
1H), 6.15 (d, J 2.0 Hz, 1H), 6.44 (d, J 2.2 Hz, 1H). 13C NMR (400 MHz, CDCls), 8 9.1, 27.0,
45.0, 79.7, 86.3, 127.6, 129.9, 167.6, 172.5. Analysis C, 59.40 ; H, 5.71% CoH;(04 requires
for C, 59.32 ; H, 5.54%. m/z (LC/(+)ESI-MS) 182.2 (M*+1, 7%), 164.8 (54), 154.9 (29),
136.9 (100).

8-Butyl-4-methylene-2, 7-dioxabicyclo[3.3.0]octan-3,6-dione [(x)-Canadensolide], 2d.* from
11d : The adduct 11d (0.21 g, 0.54 mmol) was subjected to pyrolysis according to the
procedure described above to provide canadensolide, 2d (57 mg, 98% vyield) : Colourless
crystals, m.p. 96 - 97°C [from CH,Cl; / hexane; lit.4¢ m.p. 92.5 - 93.5°C (ether)]. IR (CHCI,),
Vmax 3030, 2962, 1776, 1229 cm-!. 'H NMR (400 MHz, CDCl;), 6 0.92 (t, J 7.1 Hz, 3H), 1.33-
1.54 (m, 4H), 1.79-1.94 (m, 2H), 3.99 (dt, J 6.7, 1.9 Hz, 1H), 4.58 (ddd, J 6.7, 4.8, 1.0 Hz, 1H),
5.09 (dd, J 6.7, 4.8 Hz, 1H), 6.09 (d, J 2.0 Hz, 1H), 6.40 (d, J 2.2 Hz, 1H). 13C NMR (400
MHz, CDCl;), 6 14.2, 22.7, 27.8, 28.9, 46.5, 77.5, 83.1, 127.7, 130.2, 167.8, 172.4. Analysis
C, 62.63 ; H, 6.68 % C11H 404 requires C, 62.83 ; H, 6.72%. m/z (EIMS) 212 (M*+2, 2%), 96
(94), 68 (67) and 29 (100).



J. Lertvorachon et al. / Tetrahedron 54 (1998) 14341-14358 14357

Pyrolysis of 11e and / or 12e furnished 8-butyl-4-methylene-2,7-dioxabicyclof3.3.0]octan-
3,6-dione [(£)-epi-Canadensolide], 2e,4 : Colourless crystals, m.p. 49 - 50°C [from CH,ClI, /
hexane; lit.4c m.p. 47.5 - 48.5°C (ether)], 93% and 94% yield from 11e and 12e respectively).
IR (CHCI3), vmax 3036, 2961, 2865, 1777, 1467, 1359, 1220 cm-i. 1H NMR (400 MHz,
CDCly), 8 0.93 (t, J 6.9 Hz), 1.32-1.52 (m, 4H), 1.68-1.8 (m, 2H), 4.02 (dt, J 7.2, 2.2 Hz, 1H),
4.68 (dt, J 7.1, 1.1 Hz, 1H), 4.93 (dd, J 7.2, 1.1 Hz, 1H), 6.17 (d, J 2.0 Hz, 1H), 6.46 (d, J 2.3
Hz, 1H). 13C NMR (400 MHz, CDCl3), 6 13.6, 22.0, 26.3, 33.1, 44.5, 79.5, 84.8, 127.1, 129.4,
167.1, 172.1. Analysis C, 62.59 ; H, 7.01% C11H;404 requires C, 62.83 ; H, 6.72%. m/z

(EIMS) 211 (M*++1, 0.3%), 96 (24), 68 (18) and 28 (100).

8-Octyl-4-methylene-2, 7-dioxabicyclo[3.3.0]octan-3,6-dione [(%)-Sporothriolide], 2f,5 from
11f : The adduct 11f (0.30 g, 7.09 mmol) was subjected to pyrolysis according to the
procedure described above to provide sporothriolide, 2f (0.09 g, 98% yield) : Colouriess
crystals, m.p. 96 - 98°C [from CH,Cl, / hexane; lit.5 m.p. 101°C (CH,Cl, / ether)]. IR
(CHCI3), vimax 3029, 2930, 1778, 1266, 1218 cml. 1H NMR (400 MHz, CDCls), 6 0.86 (t, J
6.9 Hz), 1.2-1.55 (m, 8H), 1.75-1.92 (m, 2H), 3.98 (dt, J 6.7, 2.0 Hz, 1H), 4.63 (ddd, J 4.7, 4.5,
1.9 Hz, 1H), 5.12 (dd, J 6.7, 4.7 Hz, 1H), 6.09 (d, J 1.8 Hz, 1H), 6.40 (d, J 1.9 Hz, 1H).
13C NMR (400 MHz, CDCl3), 6 14.0, 22.4, 25.3, 28.8, 28.9, 31.5, 46.1, 77.1, 82.7, 127.2,
129.8, 167.4, 172.0. Analysis C, 65.77 ; H, 7.48% C,3H;304 requires C, 65.51 ; H, 7.62%.
m/z (LC/(+)ESI-MS) 239.2 (M*+1, 7%), 221.1 (100), 211.2 (61) and 203.2 (24).

Pyrolysis of compounds 11g and / or 12g furnished 8-butyl-4-methylene-2,7-dioxabicyclo
[3.3.0foctan-3,6-dione [(+)-epi-Sporothriolide], 2g : Colourless crystals, m.p. 65 - 67°C (from
CH,Cl, / hexane, 92% and 99%yield from 11g and 12g respectively). IR (CHCIl3), vpax 3029,
2931, 2860, 1778 cm-l. 'H NMR (400 MHz, CDCl3), § 0.88 (t, J 6.9 Hz), 1.2-1.5 (m, 8H),
1.66-1.76 (m, 2H), 3.99 (dt, J 7.5, 2.2 Hz, 1H), 4.68 (dt, J 7.0, 1.4 Hz, 1H), 4.95 (dd, /7.5, 1.4
Hz, 1H), 6.17 (d, J 2.2 Hz, 1H), 6.47 (d, J 2.2 Hz, 1H). 13C NMR (400 MHz, CDCl;), 6 13.9,
22.4,24.3,28.6,31.4,33.5,44.5,79.5, 84.8, 127.3, 129.4, 167.1, 172.0. Analysis C, 65.62 ; H,
7.93% C3H 304 requires C, 65.51 ; H, 7.62%. m/z (LC/(+)ESI-MS) 239.1 (M*+1, 10%),
221.1 (50), 211.2 (10) and 203.1 (100).
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